
 

 

International Research Conference in Dortmund 2013 

 

In 2010 we started the International Research Conference at the Dortmund University of Applied 
Sciences and Arts and continued this conference since 2010 every year. 

The complete series of conferences is documented and has a face implemented as a wikispace 
http://internationalresearchdortmund.wikispaces.com/  . 

The conferences were shaped mainly by contributions of students and staff of the Community of the 
European Master in Project Management – EuroMPM – from Dortmund, Bilbao, Latvia, and further 
countries. It is a place where master students and scientists find a forum for the presentation and 
discussion of the whole spectrum of activities within the EuroMPM. It is intended to set new 
directions for the EuroMPM and to find new areas for further research and teaching.  

This year, the conference again spans over a wide range of topics. For example, the graduating master 
students presented a distinguished contribution on stakeholder analysis. From our former graduates we 
have a contribution from Sergio Kaufmann working on projects in Lybia – a very hard job but also a 
challenge after the revolution in that country – and several EuroMPM students are already working in 
internships with Sergio. From our German partner universities we have contributions of Jan Albrecht 
and Konrad Spang from Kassel. We have contributions of colleagues from Kaunas. This new partner 
will probably join the European Master in Project Management – they have a contribution on 
competence development in higher education. We have a new section on projects in the energy sector 
because we started to develop a new specialization in that area. This conference also contributes to the 
development of the home university – this year by starting a discussion on social responsibility and 
sustainability not only in projects, but also in the university. 

This conference has its own spirit and power since the beginning in 2010. 

 

In 2013 the conference has 4 sections: 

1. Project Management 

Anna Petrakova: Analysis of project stakeholders with the help of the RASCI matrix 

Jan C. Albrecht, Konrad Spang: Challenges and Adoption of Application of Project 
Management Maturity Models 

Sergio Kaufmann: New Projects in Libya 

Frank Stumpe: New view on project and investment management in a more agile IT and agile 
Business Environment 
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2. Energy Projects 

Werner Wetekamp: Investment Projects in the Energy Sector - Bottleneck Financial Sources 

Tobias Aschoff: Tailoring of company internal project management standards for power plant 
projects 

Carsten Lau: Project Standards in Utility Sector 

Jan Schneider: Management of Organizational Change Projects in German Energy Sector 

Andre Dechange: Multi Project Management in the Utility Sector 

3. IT Projects 

Marius Khan, Sabine Sachweh: Designing an AIS based communication infrastructure to 
enhance security and navigation in seafaring 

Aylin Celik, Immanuel Först, et al: System Level Design of a Viterbi Decoder with Mentor 
Vista 

Carsten Wolff: Shaping the information supply chain for M2M systems 

 
4. Project Management in Education 

Jan-Philipp Büchler: Teaching with the Case Method 

Elena Vitkauskaite: Involvement of students in research project implementation: evidence 
from pilot action in Lithunia 

Beáta Vajda Kincsesné, Éva Málovics, Gergely Farkas: Experiences of competence 
development in higher education 

Peter Reusch: Responsibility and Sustainability in Projects 

Sigrid Michel: How to create a responsible and sustainable university? 

 

We thank all authors for the contributions to the International Research Conference in Dortmund 
2013. The contributions are important – but also the discussions – and the evolution of the community 
– and the growing power to meet the requirements of the future. 

 

Greetings from the flow of strong projects 

 

Peter Reusch and Carsten Wolff 
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Abstract: Stakeholder management is one of the most significant aspects on the way to successful 
project management. The process of stakeholder management differs from one project to another as every 
project creates unique outputs. According to PMI (2013),   a   project   is:   “a   temporary   endeavour  
undertaken   to   create   a   unique   product,   service,   or   result”. [1] All the projects have limited duration, 
therefore specific start and end dates. Another project constrain includes limited budget. A clearly defined 
scope used to be the third feature of the project. Thus, in order to deliver the product or service in time, 
within budget and scope constraints, satisfying quality requirements, a lot of participants or stakeholders 
are involved.  
This article is providing an analysis of some features of it at Hella KGaA Hueck & Co. This is a global, 
independent, family-owned company with more than 27,000 employees at 70 locations in more than 30 
countries. The Hella KGaA Hueck & Co develops and manufactures lighting and electronic components 
and systems for the automotive industry and also has one of the largest trade organizations for automotive 
parts, accessories, diagnosis and services throughout Europe.  
There is a misunderstanding between the Project Manager and Core Team members concerning 
determination of their roles and responsibilities inside the projects at Business Division Electronics. The 
Business Division   Electronics   has   sales   of   €   1.9 billion. The products for this division are being 
developed at 13 development sites and produced at 11 production sites.  
The Hella KGaA Hueck & Co. is a project-oriented organization which has a continuously developing 
procedure of project management. Hence, there are plenty of tools which are aimed at analysis and 
satisfaction  of  stakeholder’s  needs.  According  to  general  project  management  practices,  it  is  important  to  
design a proper responsibility assignment matrix to avoid conflicts between the project participants.  
This article contains an improved RASCI Matrix, which should be aimed at solving the arisen problem. It 
has two versions and contains  all  the  information  which  doesn’t  exist  in  the  project organization tools at 
Hella KGaA Hueck & Co.  nowadays. It has the original structure, provided in many literature references. 
All the Project Core Team members are clearly determined there. The description of the RASCI Matrix 
can be used as a guide for the Project Managers, who will be using this tool.  
 
1. Introduction 
The process of stakeholder management differs from one project to another as every project creates 
unique outputs. Stakeholder management is an important issue in project management as a project can be 
seen as a temporary coalition of stakeholders having to create something together. [2] Hence, it is 
common knowledge that different kinds of conflicts can appear because of various reasons, e.g. 
misunderstandings of roles and responsibilities, differences in prioritizing tasks, lack of communication, 
depending tasks, distrust, interpersonal or intercultural issues, etc. In order to avoid appearance of 
conflicts because of unclear determination of roles and responsibilities, project manager can use different 
tools and instruments. One of them is Responsibility Assignment Matrix, also known as RACI Matrix. 
This article is providing an example of using a kind of RACI Matrix to solve the problem of 
misunderstandings between the Project Manager and Core Team members at Business Division 
Electronics in Hella KGaA Hueck & Co. 
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2. Responsibility Assignment Matrix in projects 
RAM, also known as a RACI-matrix, is used to illustrate the connections between work packages or 
activities and project team members. [3]  
Different references give different definitions to such kind of matrixes. For instance, in PMBOK, RACI is 
one of the forms of Responsibility Assignment Matrix. Moreover, RAMs differ from each other 
depending on the project scale. For large projects it is reasonable to develop a high-level RAM. It can 
define what a project team group or unit is responsible for within each component of the WBS. [3] For 
other projects, the PMI recommends to make a matrix which is designated roles, responsibilities, and 
levels of authority only for specific activities. 
On the figure below there is an example of RACI-Matrix. It is typically created with a vertical axis of 
tasks or deliverables, and a horizontal axis of roles.  

 
Table 1. Responsibility Assignment Matrix using a RACI Format. [3] 

Such matrixes are developed on the early stages of the project. Usually, the project team jointly completes 
the responsibility matrix by filling in the accountability levels of each role. [4] For example, a team 
decides to add a role of Software Engineer. After that all the tasks inside the matrix should be reviewed in 
order to fill a new role. At the end of this process, the Software Engineer should be accomplished to more 
than one role and have different levels of responsibilities inside the project. This process continues for all 
the roles on the project until the matrix is complete and at the end, the project team together signs and 
approves the responsibility matrix. [4] The tasks can be taken from Work Breakdown Structure and 
deliverables from a Product Breakdown Structure. Organizational chart used to be a source for different 
roles. 
The responsibility assignment matrix used to be a very powerful tool which is important through all the 
processes in project stakeholder management. During identifying stakeholders, the project manager is 
developing the roles inside the project and connecting them with tasks. After that, all the team members 
should review their roles and responsibilities and agree or   disagree   with   project   manager’s   decision.  
Hence, during this stage discussions and conversations are possible in order to create a clear 
responsibility assignment matrix. Although, these processes could also be a part of planning stakeholder 
management. If   the  matrix  satisfies   the  project  manager’s  vision  and  stakeholder’s  expectations,   then   it  
will be an appropriate tool during managing and controlling stakeholder engagement. Here it has power to 
be a kind of guide for the project manager.  
The responsibility matrix does not contain the actual status of the project and therefore does not require 
regular weekly reporting. It could be included in an automated scheduling system that the project is 
already using, and this would allow the simple updating of the matrix fields when adding new activities to 
the project, maintaining the ongoing currency of the responsibility matrix with minimum effort. 
 
 
3. Implementation of RASCI Matrix to projects at Hella KGaA Hueck & Co. 
The Hella KGaA Hueck & Co. defines five major roles inside the project. They are Group Manager, 
Project Sponsor, Project Manager, Project Core Team Member, Project Extended Team Member. The last 
two roles are used to be performed not by one person, but by the group of people. The processes of 
project life-cycle in the company are used to be adapted to the practice that Hella KGaA Hueck & Co. 
has. On the other hand, because of the continuously developed nature of projects, it is difficult to 
standardize these processes. Therefore, the problem that rose within some projects at Hella KGaA Hueck 
& Co. seems to have logical reasons. There is a misunderstanding between the Project Manager and the 
Core Team Members concerning determination of their roles and responsibilities inside the project. As 
this difficulty exists in the projects inside Business Division Electronics, the author of this article is 
focusing the attention on it. In order to solve the problem, it is important to analyse the existing project 
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organization tool at Hella KGaA Hueck & Co., then introduce a new instrument and provide a detailed 
description of its advantages, disadvantages and the process of implementation. 
Hella KGaA Hueck & Co. already has a responsibility assignment matrix, which is used to structure work 
of Project Manager by containing a means to clarify tasks, responsibilities, and availability levels within a 
project. Moreover, its main aim is to ensure a systematic flow of information between all the participants. 
Here “D” stays for “Decision”. It means the person who is subscribed to this letter has to make decisions 
on the basis of recommendations of the person carrying out action. He/she is determining the starting 
point of the process, its depth and intensity. It is possible that some tasks don’t  contain  this  responsibility.  
On the other hand, it is impossible to order more than one person for this responsibility. Letter “E” means 
“Execution”. Participants, who are subscribed to it, are actively involved in the process. They also have 
to give   recommendations   to   the   participants,  who   have   the   responsibility   of   “Decision”.   If   there   is   no  
defined person to make decision, this has to be done by the person, who is acting on the task. In order to 
achieve the target, he/she should ask other participants for support. In contrast to the first responsibility, 
here should be always somebody undertaking the actions. In case there are several people actively 
involved in the task, the decision responsibility should be clearly identified. The third letter here is “S”, 
which suits the meaning “Support”. These participants should help those, who are taking actions. There 
is no limit defining the number of supportive participants. The provision of support also opens up the 
right to have a say. Thus the person providing support is the first control body of the person carrying out 
the action, with this control on the basis of a critical partnership. The last responsibility is focusing on 
participants who have to be “Informed”, therefore the letter “I” stays in the scheme. People, who are 
acting  during  the  project,  are  informing  these  participants  about  the  project’  status  and  achievement  of  the  
important milestones. Different means could be used here depending on the agreement between the 
participants, e.g. e-mail, phone, fax, etc. Here are also no limits on number of people to be informed.  
The DESI-scheme has a very simple structure. The determination of responsibilities is very logical: the 
connections between them are very clear that is adding value to the process. On the other hand, it has an 
unusual structure. Instead of dividing the responsibilities between stakeholders, it is illustrating to which 
kind of action which participant belongs to during performing a certain task. The second advantage of it is 
that it allows a user to see who exactly is involved in the defined task. Hence, one can make the easier 
calculation about the human resource costs of it. On the contrary, such kind of scheme does not allow 
easily seeing responsibilities of every one participant, besides the Manager of Production Line and the 
Project Manager, who used to have the same responsibilities throughout the whole project. Others cannot 
understand their input from the first sight. They need to look through each task individually to find out 
where exactly they are involved and in which form. This structure can possibly influence the raising of 
such misunderstandings between the Project Manager and the Core Team Members. Moreover, this 
scheme   doesn’t   define   where   the   Core   Team  Members   should take the responsibility and where the 
project team member should be in charge. This is the second disadvantage of the DESI-Scheme. Another 
negative aspect of it is that there is no clear determination of the Core Team members. The scheme 
provides only one responsibility   for   the   general   term   “Core   Team   members”   in   every   task.   It   is  
impossible for these participants to find their roles and responsibilities. Moreover, according to the DESI-
scheme, the Core Team members have only to be informed through the whole project life-cycle. This has 
to be the main reason of the appeared problem.  
Taking in account this information and summarizing the general project management experience, the 
author of this research suggests using the RASCI Matrix.  
Analyzing the present situation in some projects at Business Division Electronics and bearing in mind 
different kinds of responsibility assignment matrices, the following responsibilities for the RASCI Matrix 
were proposed: 
Responsible “R” Its meaning is very close to the original one provided in many theoretical resources. It 
is the person who performs an activity or does the work.   It   is   alike   the   meaning   of   “Execution”  
responsibility in the DESI-scheme.  The  difference  is  that  it  doesn’t  mean  the  person  should give advices 
to the upper management team members. On the other hand, he/she is being supported and can ask for a 
consultation from other participants. 
Approve “A” It is a person who is playing the crucial role in the decision-making process. Compared to 
the DESI-scheme,   it   has   the   same   meaning   as   “Decision”   responsibility.   Only   one   person   can   be  
subscribed to approve the task. His/her role here includes also the output after completing the task. So 
he/she has a right to give a start to the next activity when the previous is being delivered successfully.  
Support (like administrative) “S” These participants are performing the tasks together with person, 
responsible for their completion, but more in the administrative area. This role suits to the model Project 
Core Team Member and his Project Team Member. It means, for instance, if the Core Teamer – Test 
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Engineering (CT-TE) is responsible for the task, then his Project Team of Test Engineering (TE) is 
playing the supporting role.    
Consulted “C” These participants need the feedback to contribute to the activity. The DESI-scheme 
doesn’t  contain such a responsibility. In the RASCI Matrix, these members used to have also the role of 
“Informed”,  but  this  is  not  happening  in  all  the  tasks.   
Informed “I” The person, who needs to know about the decision. This responsibility also exists in the 
DESI-scheme.  
The next point to be described here is devoted to the structure of the RASCI Matrix. The author suggests 
two versions of it: the full or detailed version and short version. Both of them have the original structure 
like in most theoretical resources. It means, the activities are named on the left side of the table and are 
situated vertically. Participants could be found on the upper side of the table in the horizontal way.  
 
4. Results and Conclusion 
In order to solve the problem of misunderstandings between the Project Manager and the Core Team 
members concerning determination of their roles and responsibilities inside the project, the author 
conducted an analysis of literature references and based on its results and Hella KGaA Hueck & Co. 
experience, the appropriate project instrument was designed. 
RASCI Matrix, also known as a responsibility assignment matrix, is used to illustrate the connections 
between tasks, sub tasks and the project team members. It was designed taken in account the special 
features of projects at Business Division Electronics at Hella KGaA Hueck & Co. Therefore, it has two 
versions. Moreover, it  contains  all  the  information  which  doesn’t  exist  in  the  project  organization  tools  at  
Hella KGaA Hueck & Co. It has the original structure, provided in many literature references. All the 
Project Core Team members are clearly determined there, so it helps to solve the problem of 
misunderstandings between them and the Project Manager.  
The description of the RASCI Matrix given above should be used as a guide for the Project Managers, 
who will be using this instrument. There is a need to implement the matrix as soon as possible in some 
certain projects in order to avoid escalation of conflicts. This instrument is designed according to the 
existing version Product Engineering Processes. But it will not lose its urgency even with appearing of 
new processes, as there are a lot of projects which will be using the present version of it during next 
years. Moreover, this matrix is easy to correct due to the actual needs of the company.  
As this topic embraces a broad aspect of project organization, there is a room to research it in future. First 
of all, it is important to get the feedback on the new matrix from the Project Managers. Secondly, there is 
a need to make deep research on stakeholder management in terms of appearing new processes. The 
possible questions here are: 

x How the roles are developed inside the projects? 
x What is the management perception of roles inside the projects? 
x How is it possible to define the roles in the project, applicable for the new processes? 

Answering these question can help to find the solution for broader aspects in context of project 
management in general, e.g. what are the perspectives from implementation of defined tools and 
techniques for the future of project management. 
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Extended abstract: 
 
Introductory notions on project management maturity models 
 
The trend of globalisation/ internationalisation has promoted competition, consolidation 
processes and both the number and quality of challenges industry companies are facing 
nowadays. Due to these developments, companies should strive for learning from past (project) 
business activity and improving their (project) management structures. 
Project management maturity models (PMMM) provide a framework for a systematic process 
of organisational learning and improvement. They are designed to be used in terms of a cycle of 
(1) assessment, (2) analysis of the assessment and assignment of a maturity level, 
(3) formulation of improvement activities, (4) implementation of improvement activities and, 
finally, (5) re-assessment (cf. Figure 1). 
 

 
Figure 1: Cyclical application of project management maturity models [1] 
 
The models mostly apply a step-like structure with e.g. five maturity levels. The lowest level 
then stands for informal project management structures. Organisations on this level mainly rely 
on the intuition and experience of their project managers and further project personnel. With 
higher levels of project management maturity comes the formalization of project management 
structures. This formalisation might be achieved through the implementation of a landscape of 
project management processes, as suggested in the systematic of the majority of the models. 
The processes shall then be standardised across the organisation, their effectiveness/efficiency 
be tested through application of quantitative metrics, and on the basis of this continuously 

(2) Analysis & 
level assignment

(1) Assessment (3) Formulation
 of improvement 

activities

(4) Implementation of
improvement activities

(5) Re-
assessment
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improved.  Kerzner  defines  as  follows:  “Maturity  in  project  management  is  the  implementation  
of a standard methodology and accompanying processes such that there exists a high likelihood 
of repeated successes.” [2] 
Proceeding   from   Kerzner’s   definition,   the   benefits   that   accrue   from   a   high   level   of   project  
management maturity shall be outlined. Cooke-Davies subsumes the purposes for which an 
organisation might seek to use PMMM: 

� “To  understand  what  practices  and  processes have been consistently found to be useful 
by organizations seeking to undertake organizational project management 

� To drive business improvement, for example, by understanding the key practices that 
need to be embedded within the organization to achieve the next level of maturity 

� To assess its ability to implement its high-level strategic planning at the tactical level of 
managing individual projects and groups of projects 

� To integrate organizational practices and processes in the domains of portfolio 
management,  program  management,  and  project  management” [3] 

The main premise underlying PMMM is that with an increasing maturity level of an 
organisation, the chances for successfully completing its projects also increase. [4] However, 
there is no empirical proof of this premise, hitherto. On the other hand, PMMM in general, their 
development process and their methodology have been frequently criticised. Subsequently, 
Grant   and   Pennypacker   state:   “One   of   the  most   important   issues   that   future   research   should 
address is to establish a clear relationship between project management maturity and successful 
project  delivery.” [5] 
 
Introducing a research project and two case studies 
 
A first working hypothesis of an ongoing research project is directly derived from the literature 
review in the field of PMMM and runs as follows: 

WH1: There  is  a  positive  relationship  between  an  organisation’s  level  of  project  
management maturity and the success of its projects. 

As every effort of an organisation to increase its maturity level will be connected to some 
(opportunity) cost, the question of a – company specific – “ideal”  maturity  level  can  be  drawn.  
‘Ideal’   hinting   at   the   optimal   ratio   of   costs   and   benefits   of   a   certain   maturity   level   in   this  
context. While WH1 might be subject to empirical testing, the question drawn in this paragraph 
requires qualitative exploration. On behalf of this, a number of case studies with organisational 
units of industry companies were conducted, with two of them presented in this article. Some 
demographic data and characteristics of the two cases can be retrieved from Table 1. 
 
Table 1: Demographic data and characteristics of the two cases presented in this article 
Characteristic/ Case Study A B 

Industry Energy sector Automotive 

Position in supply chain Plant engineering company Supplier 

Unit of analysis Organisational unit of a  
(larger) company 

Organisational unit of a  
(larger) company 

(Project) business Investment projects; 
turnkey power plants 

R&D projects; 
components  of  car’s  drive-

section 

Scope of project product Array Assembly 

Degree of technological 
uncertainty in projects Medium-Tech Medium-Tech 
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No. of employees (category) ≥  250 ≥  250 

Annual turnover (category) >  50  Mio.  € >  50  Mio.  € 

Interviews conducted 2 2 

Documents reviewed 
Overall  company’s... 

� PM handbook 
� PM maturity model 

Overall  company’s... 
� PM standard 
� PM handbook 

� PM maturity model 
 
In both cases the units of analysis are organisational units within larger companies. Case A 
constructs turnkey power plants for energy providers. Case B supplies car manufacturers with 
components   of   the   car’s   drive-section. The interviewees belong to the following categories: 
Project   managers,   managers   of   a   group   of   project  managers,   members   of   overall   company’s  
central units. However, all interviewees had experience in working in projects. 
The two cases are herein analysed among the following lead questions: 

a) Which models and other frameworks do they use in terms of organisational learning and 
improvement? 

b) What are the main reasons for usage of maturity modelling? 
c) Which maturity level do they head at and why? 
d) What kind of problems do they face regarding the systematic of maturity models? 
e) What is the opinion of the (operative) project personnel towards maturity modelling in 

general,  the  company’s  own  approach  and  the  formalization  that  comes  with  higher  
levels of maturity? 

These questions shall help to better understand what influences the company-individual ideal 
level of project management maturity and, finally, lead to the formulation of a second working 
hypothesis, which also can be subject to quantitative testing. 
 
Outline of findings 
 
In both cases the larger companies applied their own PMMM, which (again in both cases) 
contained structural and contextual elements from CMMI1 and PMBOK Guide2. The maturity 
models are used in order to implement a Continuous Improvement Process and to be able to 
measure to what extent the company-own project management structures (as documented in 
their project management standards/ handbooks) are applied and if they are correctly applied. 
The acceptance of the approach of maturity modelling was reportedly good. The interviews 
reveal some evidence that the acceptance is given, due to the fact that both cases operate in 
rather complex project environments. The degree of internationality of the projects, the size of 
the   project’s   scope,   the   degree   of   the   project   team’s   geographical   dispersion,   etc.   were  
mentioned as facets of this complexity. 
Yet, the interviewees also expressed some criticism, which – amongst others – covered on the 
following points: 

� “Over-formalisation” 
effort connected to working in formal structures outweighs the benefits of 
formalisation/ standardisation 

� “Hiding”  behind  formal  structures 
staff works according to formal structures, but uses them to blind out e.g. severe 
project risks or to blame other project team members when risks did actually occur 

                                                        
1 Capability Maturity Model Integration; process maturity model developed by the Software Engineering Institute 
(SEI) of Carnegie Melon University 
2 A Guide to the Project Management Body of Knowledge; developed by Project Management Institute (PMI) 
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� Maturity  models  lack  “human  factors” 
formal structures were seen as prerequisite for successful project completion in 
complex environment, but so were competencies of project manager and staff; 
interviewees  criticised  that  PMMM  do  not  cover  on  this  “human  side”  of  PM 

In both cases the overall companies struggled to present a clear approach through which the 
ideal level of project management maturity for a certain project business environment could be 
determined. The qualitative data show that the project complexity might be of importance in 
this regard. This led to the formulation of the second working hypothesis. 

WH2: The degree   of   complexity   of   an   organisation’s   projects   positively  
moderates the relationship between its project management maturity level 
and the success of its projects. 

Both working hypotheses will be subject to empirical testing in a subsequent phase of the 
research project. In this phase quantitative data will be gathered from project managers and sub-
project managers from industry companies through a questionnaire. 
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Abstract: The situation in Libya is unique. After more than 40 years of dictatorship and after a 
revolution [1], now as a free nation and with considerable oil-based resources, it is time to 
rebuild the country. The main challenge is where and how to start. In this paper we identify the 
reality that companies are facing and also some recommendations regarding project 
management (PM) practices. 
 
 
1. Introduction 
 
The current situation in Libya is very special. Having lived more than 40 years under a 
dictatorship regime and having faced a revolution, during the past events which were part of the 
phenomenon called  “Arab  Spring” [2], now Libya’s  people  want  the  country  to  be  rebuilt. 
The current situation is quite complex. For instance, there were a lot of projects under way 
when the revolution happened. Now, a lot of stopped projects can be seen in Tripoli, like a 5 
star hotel with a shopping center, or some structures for airway access. And of course, there is 
still a lot of debris on the streets, demanding soon action. 
Libya is a major oil producer, which means that money for projects will be available and is not 
part of the problem. The country’s  gross  domestic  product  per  capita,  at  current  prices,  is about 
USD 12,000, and its population is estimated in 6.6 MM inhabitants [3]. A curiosity: Petrol is 
cheaper than bottled water. 
  
2. Current Situation of Project Management 
 
In terms of PM, there are some state-owned companies which have considerable resources to 
undertake projects, such as companies related to the ministries of oil & gas, electricity, housing, 
and transport. 
 
The maturity of these companies in terms of PM is normally low. This means people assigned 
to projects are often technically strong, considered expert in the engineering areas. Lack of PM 
practices is one of the common elements identified. 
 
Another common point observed has to do with the owner-contractor approach. It is common to 
undertake turnkey projects, in which the contractor is supposed to deliver everything, with the 
solution designed, constructed and installed. But the reality shows that the results are not as 
expected in terms of time, cost, or quality. Consultancy in PM has a lot to do here. 
 
3. Addressing the situation 
 
There is so much to do, that to solve the high current demands of projects is urgent. To have a 
reasonable approach for the companies is required. The situations in the visited companies have 
some things in common: 

x Rather low maturity regarding PM capabilities (between levels 1 and 2) [4] 
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x A lot of turnkey projects 
x A high interest in improving project performance 
x Not fully implemented Project Management Offices (PMO) 
x Lack of training in PM 

 
The situation is such that companies are demanding to undertake lots of projects, but with a low 
maturity in PM. They have money and too many things to do, therefore, invest time in getting 
the knowledge and expertise in PM is not an option. They will hire all the required services, 
including PM.  
 
But this takes us to the point in which not everything can be hired. The company has to know 
how to control projects and how to act as a client. But even the client, in a turnkey project, 
should play his role regarding PM. We will try to find approaches in this sense. PMBOK, for 
instance, does not have exactly this approach [5]. According to PMBOK, either you do your 
project internally in the organization, or you have a contract which originates a project but in 
this case the complete PM function is transferred to the contractor, who will undertake the 
project and deliver the project outcomes. One possible approach will be the use of EPCM 
(Engineering, Procurement and Construction Management) contracts [6]. The EPCM contractor 
plays more a role of a professional consultant than a contractor, managing the contractors for 
the employer and providing advice in design and construction. 
 
Another clear identified need is the function of portfolio management, rather than individual 
PM. Companies are not concerned about managing in the best possible way one project, 
because this function has been delegated to the contractor. There are so many things to do that 
they are more focused on the forest rather than on individual trees. Therefore, it is important the 
selection of the right projects for  “doing  the  right  work”  [7]. 
 
The creation of a PMO, and its maturing process, is also a reasonable approach [8], to be 
conducted in parallel with other initiatives, as well as to improve the competences of people 
involved in projects. To create or improve the methodologies of PM is also recommended, but 
first priorities have to be set, in order to define the most appropriate roadmap in each case. 
 
And finally, as every company is facing its own situation, the best way to identify the starting 
point is through performing an initial assessment of the current PM capabilities and maturity 
[4]. 
 
4. Results and Conclusion 
 
The considerations explained in this contribution make us first conclude that it is very important 
to take into account both the local culture and the special situation of the country.  Secondly, the 
exploration of the following possible solutions for the companies in Libya, regarding the 
management of projects: 
a) As short term solutions: 

x Conduct an initial assessment of the maturity and capabilities of PM 
x Implement  the  portfolio  management  function,  for  “doing  the  right  work” 
x The use of EPCM contracts 
x Consultancy services for PM and change management 
x Development of a basic methodology for PM 
x Creation of a PMO 

b) As medium or long term solutions: 
x Mature the PMO 
x Development of competencies in PM 
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x Continuous improvement. 
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Abstract: Historical view on project based working and the new trends in IT shows that there is 
a need of new steering and management of investments. The gab between the agility of the 
market  with   it’s  customers  and   the way of managing projects increases continuously. Using a 
cybernetic model to steer this complex system allows to get more insights and to adopt the way 
of project management.  
Traditional steering based on Scope, Timing, Resources and Quality is not sufficient anymore. 
User  integration,  value  commitment  and  delivery  of  customer’s  expected  out-come in an agile 
B2B and B2C environment allows to create value as early as possible. Market entry is 
prioritising. With a case-study in the financial industry for fundraising and grand management 
an agile business combined with an agile IT shows that significant savings in time and budget 
are possible and a value creation can be ensured early. 
 
1. Historical view on projects and investments in IT 
Managing an IT-organization in the context of project based working is not an end in itself. It is 
always a supporting activity to allow processing and to deliver value to the customer. Thus there 
is a well-defined link between management on the one hand, and processing and delivery, on 
the other. Investments are also aimed to deliver added value thus they are linked to 
management. This link is the well-known link of project management. 
Just before the Industrial Revolution the customer needs were served by small independent 
service providers and self-care. Any investment was done generations before and continuously 
improved and maintainedi. We can define this as business model BUS.0.0. which delivers 
services to a customer CUS.0.0. Within the business model BUS.0.0 the investment model was 
INV.0.0. A balance was present. 
The causes of the Industrial Revolution remain a topic for debate. However, recent research into 
history of Marketing ii has challenged the traditional, supply-oriented interpretation of the 
Industrial Revolution and pointed out that the changed needs are more the cause of change than 
assumed so far. This means that the needs of the customers changed towards CUS.1.0.: More 
needs to be fulfilled for lower prices. As the customer model changed the business model had to 
follow. The Industrial Revolution was the transition to new manufacturing processes to fulfil the 
new customer needs. Thus the business model BUS.1.0 was created and implemented. In this 
business model investment was seen as the same as processing and delivering of value. The 
Industrial revolution was characterized by growth and profit increase which was the base for the 
merger of management (investment as well as processing and delivery). By that the investment 
model stays on INV.0.0. 
During the 1940s the military needs requested a more structured approach for investment 
management. As the Second World War was requesting a huge amount of military equipment 
the needs of the customer changed towards CUS.2.0. The available business model BUS.1.0 
was no longer valid and on top of this, the investment management INV.0.0 even less useful. 
Business followed the new customer and faced the distance between BUS.2.0 and INV.0.0. 
Thus BUS.2.0 has to change the investment model in order to be able to deliver the expected 
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value. The first steps towards investment management were done within the INV.1.0 model. In 
the American military industry (e.g. development the B52s) the line managers are also 
executing the function of investment manager. This mix leads to a   “over-the-fence 
management”:  Once  the  responsibility  is  executed  the  results  are  thrown  “over  the  fence”  with  
the hope that some will picked it up. Within the next 20 years best practices are identified and 
shared. The first steps were done towards splitting of processing and delivery on the one hand, 
and investment management on the other hand.iii  
The first real investment model was created by the American military governance to allow 
investment steering during the Second World War. The aim was to take care about the timing of 
delivery (military equipment was necessary to be delivered on time) and the costs (there was a 
certain amount of equipment to be delivered despite limited resources). The target system Scope 
(S), Timing (T), Resources (R) and Quality (Q) was created. 

 
Figure 1: Basic Investment Management on Scope, Timing, Resources and Quality 

From that moment onwards, the link between management, processing and delivery, and 
investment has continued to grow. As the needs of the customers are changing towards more 
stable spending and value delivery (CUS.3.0) the business models are trying to follow suit with 
a model BUS.2.5, but somewhat delayed. This delay was accepted and even reinforced. The 
investment model has  not been able to follow and stayed behind on INV.1.5. 
Let   us   consider  Moore’s   lawiv: The change on the computer market growths exponentially. 
Modern researchers as Ray Kurzweilv believe that the exponential improvement described by 
Moore's law will ultimately lead to a technological singularity: a period where progress in 
technology occurs almost instantly. The same trends can be found in other industriesvi. As the 
technology changea the customer follows these trends and develops toward more modern 
customer models CUS.4.0 or even CUS.5.0. The business is not able to follow and stays on 
BUS 3.0 and the investment model even follows later with INV.2.0. As we look on modern 
investment management methods like PRINCE2vii or COBIT 5.0viii, they are dealing with 
business investments enabled by (IT) technology but they all focus on the one-dimensional 
investment management. 
2. Challenges  of  today’s  project  and  investment  management 
Otto Scharmerix mentioned that there is a need to leave the old ways of management behind. 
This old principle   was   to   focus   on   “silos”   in   oder   to   describe   business   structures   as   it   is  
traditionally  done  with  the  “over-the-fence  management”.  He  beliefs  that  this  management  has  
led to the modern crisis. This one-dimensional investment model must be overcome inside as 
well as outside the business units. 
The framework for modern investment management is based on two main ideas. The first 
assumes four stages in the evolution of Western capitalism. It refers to the history of investment 
management as described above:  

• Capitalism 0.0: the first industrialization. Investments are managed by the 
line in a hierarchical way (focus on delivery of goods). The classical 
separation of operations and investments dried out.  

• Capitalism 1.0: the free-market or laissez-faire capitalism (focus on growth).  
• Capitalism 2.0: a more regulated European-style stakeholder capitalism 

(focus on redistribution) 
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• Capitalism 3.0: an (as-yet unrealized) intentional, inclusive, ecosystem 
economy that upgrades the capacity for collaboration and innovation 
throughout all sectors of society (focus on ecosystem innovation). 

The investment management method changed in parallel during the time described herex but 
with a slower speed. But still today the motivation is to manage investments based on finance-
driven KPIs (Key Performance Indicators), the challenges of the generation (X).0, however, are 
not manageable with methods of the generation (X-1).0. Thus the new generation (X+1).0 is 
necessary to be prepared today for the future because – as Osterwalder & Pigneur have argued -  
“today’s  models  are  most  likely  to  be  outdated  tomorrow”xi. 
The second idea is based on the fact that inter-technology thinking will not allow to successfully 
deliver any investment. Therefore modern management methods need transversal and cross-
technology methods with clear future-oriented targets and visions. Here the system of 
cybernetics can help to model investment management in a new way that may be able to solve 
the challenges of the capitalism 4.0xii.  
Beside the rapid changes of the economical environment, information technology is even 
changing more rapidly. One example is the usage of IT. 40% of the devices used to access 
business applications are personally owned by iWorkers, it went up to this figure from 30% in 
2010xiii. Managing technological change like computerisation of IT requires a combination of 
people, organization and this technology to ensure that these new technologies are used safely, 
securely and efficiently and to effectively manage the changes being rolled out to the 
customers.xiv . 
Today, IT systems often enforce some human mechanization, which may have reinforced the 
sense among employees that they should be saying NO to certain new devices of IT —a 
perception which a project manager may need to take into account.xv 
Other trends are the battle of mobile devices, Internet of Things, hybrid IT systems and 
integrated eco systems.xvi  It looks as if by 2013, mobile phones will have overtaken PCs as the 
most common Web access device worldwide and that by 2015, over 80 percent of the handsets 
sold in mature markets will be Smartphone.xvii The Internet of Things (IoT) is a concept that 
describes how the Internet will expand because physical items such as consumer devices and 
physical assets are going to be connected to the Internet. Key elements of the IoT which are 
being embedded in a variety of mobile devices, include embedded sensors, image recognition 
technologies and NFC used for payment and other transactionsxviii. 
Hybrid IT systems are the answer on the request to do more with less. This view challenges  IT 
departments to play multiple roles in coordinating IT-related activities, and cloud computing is 
now pushing that change to an even higher level.  This also will have impact on project 
management in IT.xix 
The market is undergoing a shift toward more integrated systems and ecosystems. Thus it is 
moving away from loosely-coupled heterogeneous approaches. This trend is driven by the 
users’  desire   for   lower  costs,   simplicity,  and  more  assured  security.  This  means   the  ability   to  
have more control of the solution as well as to offer the complete solution in a controlled 
environment, but without the need to provide any actual hardware.xx 
3. Impact on project and investment management in IT 
The economical as well as the technological changes and their even increasing change 
frequency need to be integrated in new concepts of IT investment management. The system of 
cybernetics offers ways of looking at investment management which start with the acceptance 
of embeddeness as part of contextual complexity. Together with further multiple perceptions it 
tries to define and handle environmental influences and system components to the benefit of the 
investment. This is a view of investments as political issues on the organizational agenda rather 
than as closed-in activities construed out of corporate goals, it means that these issues need to 
be piloted through the whole organization while satisfying all relevant stakeholders. 
It means furthermore to deal with investment management 4.0. Thus it is necessary to be aware 
about components within and without the business unit which the investment is aimed for. 
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Therefore the border of the investment must be identified as the border of the business system 
which interacts with its environment. Thus we need to consider physical borders (like buildings, 
distance, etc), furthermore social and psychological borders. 
In this way the environment may be considered an inherent partner of the investment. The 
environment interacts with the investment as well as the investment interacts with the 
environmentxxi. According to the degree of interactions we can have an autarkic investment 
(low interaction) or a dependent investment (high interaction).  
Now let us look at the business unit as a system with its different inputs, outputs, internal 
processes, its environment and its feedback loops which create the system stability and allow 
change and development for the system (Fig. 2). This has been extensively analysed in the 
OSTO-Approachxxii which is being used here as the basis for the following system discussion. 
Each  system  has  to  deliver  output   .  This  output  have  to  be  the  customer’s  expected  out-come. 
Only if we deliver what is requested in scope, quality and timing with the available budget the 
system will be reliable. The output is by that not sufficient but necessary. The main terms to be 
considered here are the Mission Statements.These are the Reason of Existence and Meaning. 
The first statement to be considered is the reason for the system to exist at all, e.g. the needs or 
expectations of customers to make use of the products or services of the business system. Today 
this Reason of Existence of the system is usually well known to the system actors. Certain 
mission statements are defined to describe this Reason of Existence, and the main financial 
calculations   in   business   cases   refer   to   such   statements.   All   processes   of   today’s   investment  
management in such a business system are aligned in this way.xxiii 
Modern investment management has also to deal with the Meaning of its output with regard to 
the customers as well as to society at large. It means the long-term value-creation of the system 
leading to future oriented execution of output, long-term thinking and looking at the wider 
context of system output rather than the economic reality of today. In this way the main content 
of this Meaning of system output is defined.  
Finally the basic reasons are dealing with the Basic- and Meta-values, the philosophy of live 
and living as well as the belief and conviction of the individual and the organization. 

 
Figure 2: Complex cybernetic investment management framework 
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Following this system approach, it means to manage the whole context of a project: to deal with 
all  components of the system including the acceptance of targets and long-term aims, and to 
ensure the delivery of the output according to the Mission Statements. In particular, the Reasons 
for Existence  of the system are to be coined as the Business Objectives, they are distilled from 
the Business Needs in an iterative and continuous process: Thus the continuing existence of the 
system and the accuracy of defining the Business Needs and Objectives are managed. 
Additionally they provide assets as the input will be balanced with the value of the objectives 
through feedback loops (blue color). 
On   the  operational   level,  management  means   the  alignment  of   the  customer’s  expectations  of    
output with the Objectives and its translation into business targets. Thus the organization as a 
system will reach the expected fulfilment of the objectives (orange color). 
Furthermore there is the management of disturbances (Risks). It needs top be done with the 
resources available, within the timing and the scope  of the Target Core Processes which are 
part of the tactical level of project management (Red color). 
The system components are interacting within the system as well as the system is interacting 
with the environmentxxiv as mentioned before. There is the need of stability and orientation 
within investment management. This orientation can only be given on a vision level through the 
statement of the system Meaning. Long-term survival of the business as this cybernetic system 
is dependent on having defined sustainable and future-oriented Meaning statements. The focus 
here is on the system usefulness in terms of sustainability, e.g. in the context of individual, 
cultural, ethical questions and expectations within society. 
These Meaning statements imply that there are values defined for the owner of the investment. 
Values are one dimension for measurement of effectiveness. Here we consider efficiency versus 
effectiveness: Efficiency is measured as productivity metric,  and effectiveness is assessed by 
quality metricxxv. Being efficient means to spend less time, less money  or less effort (or 
number of workers) on some output. This was the main aim in investment management of the 
traditional style. Being effective means to do the job according to the expected qualityxxvi. 
Quality of output in this perspective means that the products or services have to be valuable for 
the customer  which  means  that  they  contribute  to  the  customer’s  values. 
Beyond the original OSTO model, two new roles are introduced in the system model as 
described here. The first role is the Interpreter. It means here that the interpreter has the 
responsibility to understand certain orders (e.g. management decisions) and translate them into 
actions. The interpreter has to be a part of the system to ensure that the necessary actions are 
taken. Some references describe the interpreter as mirror within the system to allow the system 
to change according to new challengesxxvii. 
The role of interpreter is necessary as the steering injection into the system based on feedback 
information. Thus the second role is the Exterpreter. As the interpreter injects signals into the 
system, the extrepreter extracts information from the system and its output, and changes this 
information into a certain language to allow closing the cybernetic loopxxviii toward the 
interpreter. 
Taking this system view into account, it means dealing with the challenges within IT in a 
specific way: even working in an agile business includes to focus on benefit and value creation 
on mid- and long-term, beyond mere short-term decisions. Some investors define objectives for 
risk (like KRI) and performance (like KPI) by using portfolios of investments and managing 
these projects based on these figures. Others use IT portfolio management to enable their 
management teams to align IT investments with strategic objectives.xxix Others are using Cost-
Benefit Analysis in retro-perspective for IT investments.xxx  
As IT investment is changing towards agile delivery also business will change to more agility. 
Iterative delivery of products in B2B and B2C will allow to create value and earn benefits from 
the early beginning. Therefore, as mentioned above, modifications to the traditional decision 
criteria –mainly economically and technically focused – are necessary to value creation and 
services delivery. The current emphasis on how, why, when and for whom investment 
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management systems as stated with INV 1.5 are not suitable in this perspectivexxxi. Comparing 
with the Agile Manifestoxxxii the actual way of working should be modified. Especially the 
human side of IT development need to be changed. The today approach is using a bottom-up 
methodology to address a wider set of benefits and risks while creating the greatest benefit for 
consumers and society. This can be even improved by incorporating communal and societal 
criteria and promoting growth. These aspects are wider than the pure economical reason for 
existing. IT investments may contribute with partial future proved solution to resolve many of 
the problems faced today with taking care about our durability and not trying to solve the 
possible problems of tomorrowxxxiii. 
4. Handling the complexity 
As it is not easy to track benefit and improved value during the execution of the project the agile 
delivery allows to get more insight. While a selected group of trustable customers or users are in 
touch with the first shippable product a clear and open feedback allows to estimate the available 
value and benefitxxxiv. As we take care about all aspect in the cybernetic system we know also 
about the humans in our IT investment system. Using this first iteration with feedback of the 
user group the customer can decide either to penetrate the market with the first shippable 
product or not and go into a next iteration.  
By that we see that the first and most important component of our system is the human. He is 
the one who delivers as a part of the team as well as the one who will use the deliverables later 
on. This extension to the original OSTO approach follows the agile trends. xxxv If we can 
organize a user group to execute reality tests we will get additional non-monetary value on top. 
This user group will take over the  role  of  “Extrepreter”,  extracting  the  delivered  value  from  the  
system end analyze them. Also the results of this extrerpretation the user group will also deliver 
input to the system as interpreter. Rather, the people who are starting in a certain role in the IT 
project (such as a specific web development platform) will often have different talents, 
preferences, and attitudes than others. Over time, bringing both together and let them work 
contemporary will also make them develop different skills and reinforce attitudes and existing 
behavioural differences.xxxvi A customer become thinking as a developer and a developer 
starts thinking as customer. The user group becomes part of the team and the exterpretation and 
interpretation tasks are assimilatedxxxvii. This leads directly to a second validation and steering 
loop with the reason of meaning while the reason of existing is the loop with the traditional 
(legacy) project management based on the business case. 
Beside user groups integrated into the system a continuously challenge of the contribution to the 
benefits and value is necessary. Therefore a X-reference is necessary to identify the contribution 
to the strategic drivers (taking care about the investment management model INV. 1.5) as well 
as the values and customer expectations are necessary. It is not only necessary to do things right 
but also doing the right thingsxxxviii. This principle of the investment management model INV 
1.5 should also be adopted to the reason of meaning. Each potential shippable product have to 
fulfil also these indicators. As these indicators are more stable and combined with an agile 
business approach allows the customer to deliver as much as needed and as less as possible 
solutionsxxxix.  
These X-references need to be made on different levels. Not only the fact that there is a link 
between  customer’s  expected  out-come and the value and benefit but also the intensity of the 
link is relevantxl. The X-Ref have to be developed both for the link between the stakeholders 
(incl. user group) and the values   as   well   as   the   link   between   the   value   and   the   customer’s  
expected out-come. This will allow the project manager to support the selection of the 
deliverable  items  of  the  iterations  to  create  the  customer’s  expected  out-come. A wide spread set 
of visualisations is available to present the results of these X-referencesxli.  Practical research 
shows that these visualisations are necessary for the success of the projectxlii.  
Finally the project management within IT need to deal with the principle of loosely coupling of 
business and IT. Using this principle the business process is loosely couplet with IT processes 
and by that with IT investment processes. Each potential shippable product have to be usable. 
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The user group agrees on it and the business process can be implemented to let the delivered 
product work. This way of working can be compared with an practically implementation of the 
dual designxliii. Here the delivery starts with two extreme alternatives. One alternative could be 
a full automate steering the other one is the manual operator. Starting with the manual 
operations the business is already able to earn value by knowing the process and using by 
example paper based information processing. The first step in adding value is by that knowing 
the process and implementing this (as a pilot) in the user group. After this first feedback and 
adaptation  the  potential  customer’s  expected  out-come can be used in the market. By that a fast 
value creation is guarantied. All the other iterations will deliver more and more automation and 
allow a wider market penetration with as less as possible manual work. This way of working 
request the necessary trust between all involved parties  and the conviction that more 
automation will be delivered in the next iterationxliv. 

 
Figure 3: The dual design 

Evaluate all alternatives on their impact on the objectives and values will allow you to 
take the necessary decisions. If they have a positive impact than the change should be 
considered as positive. If not, than the investment can be stopped or changed with as 
less as possible lost effort. This leads to an agile Program Management Approachxlv. 

 
Figure 4: Agile program management approach with stabilized delivery 

5. Case 
Executing IT projects within the financial industry beside the above named constrains additional 
regulations are valid. This leads to the fact that a lot of market entry points are missed due to 
complexity management. These market entry points are specific moments in time (like fairs, 
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events, change of regulations, etc.) which are fixed externally. Unfortunately the time between 
facing this point and optimal market entry point is relatively short. A full blown IT project 
dealing with all aspects valid for IT in financial industries will lead to a delay or extend the 
costs unacceptable.  
During a case the revamping of the automation of a back-office should be done. The task of this 
back-office was fundraising and grand management. The actual system was build in End-user 
tooling (Access) and run out of support and, on top of this, did not fulfil legal requirements. 
During the years the implementation was extended, reduced or changed that way that nobody 
actually know the functional and technical design. The integration of these applications with the 
core data system of the financial institution was also organically grown. 
As  this  entity  wasn’t  able  to  execute  their  tasks  supported  by  the  tool  the  pressure  on  the  project  
increased dramatically. Together with the (senior) general management we decided to apply an 
agile business approach.  In the first iteration we designed a business process As Is. Together 
with the customer we decided to implement a iterative business implementation based on a pre-
)defined value system where the traditional project management aspects (budget and timing) are 
in the minority. As one of the most important value the X-reference between value and cost per 
customer’s  expected  out-come. 

 
Figure 5: The used value system  to  evaluate  the  customer’s  expected  out-come 

The first iteration was based on a temporary export of data processed in a created Excel file. 
After each week a manual process was executed to import the data again to the core banking 
system. Using this first almost manual business process allowed the customer to continuo with 
the business. The link between business process and IT process was loosely coupled.  
In the second iteration we executed a RFI/RFP where we request external vendors as well as 
internal   ICT   department   to   apply.   The   “build   or   buy”   decision   was   fully   integrated   into   the  
RFP-procedure. Based on trust IT and the customer selected a package with tailored interfacing 
to the core banking system.  
The third iteration was the implementation of the package for the back-end and integrate this 
with the core banking system. The build-in processes are implemented witch leads to changes to 
the actual business processes. In this case the adaptation of the business process towards the 
presented processes of the package was more efficient and effective than changing the package. 
After the implementation on a test environment customer and IT developed in weekly iterations 
together with the user group the screens, workflows and documentations in parallel. After a 
period of 4 weeks parallel use of the pilot (package) and the manual process the user group ask 
for a full roll-out. 
The fourth iterations than extend the back-office package with the web portal of the customer. 
And extent the functionality of the interfaces with the core banking system. The web portal 
allows the broker on the field to access partly data of the package without contacting the back-
office. This increased the benefits and fulfils the need of more autonomy of the employees in 
the field. 
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The fifth iteration than provided the full integration with the bank-branch system. As this 
system is under control of regulators these changes has to be developed according specific 
regulations.  
This case shows that the combination of an agile business approach with loosely coupled 
business and IT processes in combination with trust and an empowered user group enables a 
delivery 6 month earlier (instead of 24 month we delivered in 18 months) and with almost 18% 
less than foreseen budget . The users themselves decided the delivered features and got more 
insight  into  the  processes  both  on  business  and  IT.  The  delivered  customer’s  expected  out-come 
fits almost 93% to the expectations and until today (4 years later) the cooperation between IT 
and customer still allow a effective delivery during maintenance. 
The opposite is that the expected effort and flexibility of both customer and IT resources was 
increased. Also a certain level of maturity and tolerance was necessary to work in the user 
group. Some members  till  believed  that  the  “over  the  fence”  method  would  have  delivered  more  
valuable outcome, at least on short term. 
6. Results and Conclusion 
Project Management is grown through the years. The historical discussion shows that the gab 
between the agility of the market with their customers continuously grow. For IT the additional 
challenge of the rapid changing technology is a surplus on the gab.  
Using an system-cybernetic  approach for project management shows that the traditional 
business case bases steering is not sufficient. To be able to follow the markets there is a need for 
different adaptation on the project management in IT. 
The first change is to integrate as soon as possible all parties in a user group. Even customers or 
users should be integrated from the early beginning. Only they can assume the acceptance of 
any solution. As the market is rapidly changing there is no second chance once the user and 
customers are lost. 
The second adaptation is to keep the traditional KPIs in mind but focus on values and meanings. 
These values and meanings are more stable and allow the investor to create a identification. Of 
cause each investment should still fulfil basic economical rules like having a positive Business 
Case. 
The third adaptation is to cooperate agile on both side on business as well as on IT. There is in a 
lot of cases no need of a full blown implementation for a first market entry. By that IT is always 
coming on the second place after creating value. 
To be able to execute projects with these changes trust between IT and business must become 
granted and both parties need to keep the targeted value in mind. Finally a loosely coupling of 
business and IT is necessary. By that the business process can change without direct impact on 
IT processes and by that with IT investment processes.  
A case in the financial industry shows that the above named prerequisites in combination with 
an agile business approach with loosely coupled business and IT processes together with trust 
shows significant results. A delivery 6 month earlier (instead of 24 month we delivered in 18 
months) and with almost 18% less than foreseen budget  and a fit of almost 93% of the 
expectations is the measurable result. On top the exchange of knowledge and more insights of 
the other groups are also given fact. 
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1) Introduction  

  

The energy industry is one of the most investment-intensive industries in the world. Asset 

projects in the organic growth or Merger & Acquisition Projects determine the investment 

policies of the energy industry in the European market. Investment projects in the hundreds of 

millions and even billions of euro and investment duration of 30-50 years are common.  

  

The bottleneck for the investment activity of the energy industry are the financial resources of 

the company [10, p.3], especially in these days in which the rating agencies observe very well 

the dept/equity-ratio of all public and private organizations.  

 

Numerous investment opportunities for energy companies can be differentiated. Investment in 

nuclear energy is interesting now to reduce CO2-emission but investments in coal plants 

currently are under political pressure because of the same reason. There are a large number of 

investment opportunities that competes for the limited resource “capital” like grid 

investments, wind parks or projects like electricity from the desert.  

 

The economic theory in dealing with bottlenecks sets out clearly that profits can be optimized 

such that per unit of limited resource the profit needs to be maximized [12, p. 328]. To apply 

this in the above described capital restriction the energy sector has to focus on the internal rate 

of return (IRR) of an investment [6, p. 23], which indicates how much interest can be 

accomplished in one unit of capital used in a project. Of course, investment is not only 

decided by a purely logical and structured point of view - or abandoned. Short-term 

opportunities, stakeholder influences, tactical preferences and not least personal assessments 

of leaders play an important role as well. But the base of each decision is a business case (BC) 

based on the net present value (NPV) and the IRR [1, p. 93]. The BC pictures the expected 
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project into a mathematical model where - based on the NPV or the IRR method - the 

expected interest or value of a project can be measured and derived.  

  

This contribution focuses on the immense practical relevance of the instrument of BC (NPV 

and IRR). In subsequent chapters the NPV/IRR method is presented. Thereafter the spotlight 

is directed to four issues of the use of BC, which makes its practical significance. These areas 

are a) force the participants to a careful planning, b) to manage risks in the project, c) to 

analyse sensitivities of a project in relation to important influencing factors and d) to use the 

BC as a basement for the project documentation or even the contracts with clients or internal 

target settings.  

  

  

2)      The net present value method  

 

The net present value method is based on the opportunity cost principle. Its crucial point is 

then, that the company can use an available alternative. This relates in part to investment 

alternatives. For example, an amount of € 100 million can be invested in the project A 

(construction of a combined heat- and power-plant) as well as in the project B (purchase of 

company shares of a municipal utility). The NPV method shows which of these alternatives 

optimizes the profit performance of the company and therefore the company's value. The 

opportunity cost principle is also the basis of the NPV method in itself and therefore makes it 

possible to also assess individual projects. This is done by comparing the theoretical 

possibility to invest the money on the capital market [4, p. 97]. The funding requirements of 

the company are shown on the required rate of return within the NPV method. Is a project (for 

example the construction of a wind turbine) more promising than the expectations of any 

funds in the capital market, it is shown in a positive NPV.  

 

The core of the NPV method is that the cash flows at different times have different values [4, 

p. 9]. Cash flows at different times cannot be compared directly - with the help of the NPV 

method all cash flows of an investment can be converted to a set time “t” and then the values 

can be compared or even added. Normally, this specific time is "The Today" with t = 0 in 

order to provide the decision-makers an indicator for the decision as simple, current and 

realistic as possible. The formula for calculating the net present value (NPV) is generally as 

follows [4, p. 13]:  
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The Cash of each period (Ct) is discounted with the interest rate “r” as an opportunity interest 

rate of the company. These values (all are now in the time 0) can be added.  

 

Dividing the rear part of the formula apart in cash for the period (Ct) and the discount rate (1 / 

(1 + r)t ), then the formula is easier to understand. The cash of every period results from the 

assumptions and conditions of the project. The discount rate is the mathematical part, which 

discounts the cash values down to the period 0 [8, p. 52].  

  

The following figure illustrates this method:  

 

 

 

Figure 1: Discounting methodology  

  

If the NPV is greater than zero, the project is positive – it should be performed. The returns 

from investment are therefore higher than a comparable interest in the capital market. If the 

NPV = 0, the investment is as good as a comparable investment in the financial market. This 
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situation of the breakeven point NPV = 0 we make later exploited in the calculation of the 

IRR. If the NPV is less than zero the investment should be discarded because they can better 

invest the money on the financial markets [4, p. 33].  

The NPV can be interpreted as an additional value contribution for the company by the 

project (added value). If your company has the opportunity to perform a project with a 

positive NPV you should add this project to your portfolio, because by implementing it, the 

value of the company will grow. 

 

One small example: it is offered to you to buy right now an existing windmill for 1.0 million 

Euros. After the 7 years it is out of the economic life time (high risk of malfunction) so the 

maintenance contract finishes as well and you have to demolish the windmill after 7 years 

(costs for this in 7 years: 100.000 Euro).  The price for the produced electricity is fixed for the 

next 7 years and according to the situation of the wind in the site you will earn 350.000 Euro 

every end of the year in average by selling the electricity. You expect 50.000 Euros for the 

maintenance every end of the year. Your opportunity to give the money to the financial 

market would allow you to receive 5% interests every year (assumption: no taxes / no 

inflation). By applying the above mentioned formula the NPV for this example is nearly + 

0.65 million Euro. So you should do this business – the cash of the project discounted to t=0 

is very positive and the value of your company will increase by 0.65 million Euro. 

 

A special role in the NPV method plays the target interest rate "r" for the calculation of the 

NPV. It is predicted from the financing opportunities of the company and a weighted average 

of the real rate between equity and credits. The company needs equity (as usual more 

expensive because taking the risks of the company) and also uses as much as possible cheaper 

loans. The lenders expect certain equity in the company, so that an unlimited extension of the 

debt is not possible. Beside this some additional costs (special premiums for riskier countries, 

special premiums for emerging markets) will be used so that in reality the company-wide 

common predetermined discount rates are far above any credit rate as for mortgages. In 

business 'r' is called ‘hurdle rate’ - so in order to be recommended for implementation every 

project should at least be on the level of the hurdle – better: much higher.  

 

Connected with this we can go the next step to another calculation to bring transparency to a 

project. If a project achieves a higher NPV than zero, it is obvious, that the project has a 

higher internal return than ‘r’. By increasing ‘r’ in small steps within the calculation the NPV 
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will be smaller and smaller till NPV is exactly zero. This result of new ‘r’ in which the NPV 

of a project becomes zero is called Internal Rate of Return (IRR) [1, p. 71]. It shows to which 

extend the project will return profit on one Euro from the initial investment.  

 

In the above started example the IRR equals to 22% - this investment brings 22 % return to 

every invested Euro. It should be implemented. 

   

As mentioned the profit optimization under bottleneck conditions is dependent on the profit 

per unit bottleneck. The project with the highest specific profit per unit of capital is realized 

so first and then the project with the second highest profit etc. till the capital limit is reached 

[4, p. 138]. The profit per unit of capital is nothing other than the IRR. All projects with a 

lower IRR than ‘r’ will per se not be taken into consideration. All projects with a higher IRR 

than ‘r’ could be realized, but because of the limits of capital they must be restricted as well. 

The next diagram illustrates the business value optimization [5, p. 222]. Everything left of the 

capital restriction line ‘capital available’ is realized. The project portfolio A/B/C/D will be 

implemented.  

 

Using the NPV method for the project portfolio the shareholder value can be maximized.  
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Figure 2: Optimization of the project portfolio under capital restrictions  

  

30



   

If a decision for projects within the portfolio of options was taken the next step of success lays 

in the hands of the project team which now begins to realize the projects. The continued use 

of BC's offers a wealth of opportunities to manage projects successfully. In the next four 

chapters tried-and-tested methods around BC’s are presented which help to direct a project 

from the initiation down to the defined project goals.  

  

3)        Focus 1: BC forces to plan  

  

The phases of a project are usually divided into the initiative, planning, execution and 

completion. Across from the beginning to the end the controlling is described as the fifth 

phase. In this section the focus is on the first two phases: initiative and planning. In the 

initiative phase often highly ranked managers generated ideas, which are then to realize by 

project teams. Then a project manager is appointed who is often close to his superior and 

tends to perform an uncritical implementation of the wishes of his boss. But the question must 

be at first whether this or that idea really offers customers the desired results or not or if the 

owner of a company really receives an added value from this project. To avoid this in almost 

all major companies so-called project manuals or investment policies are put into force that 

implements BC’s as an integral part of every decision for the management. Moreover, the 

four-eye principle is implemented by the project manuals: the Control Department usually 

creates the BC together with the Project management. A BC is created in a rough form 

already in the initiative phase to receive financial transparency. But the final go-ahead for a 

project needs a detailed plan and a detailed BC has to be created before the last decision to 

start. In customer business it is normal to calculate very well the profit by a detailed planning. 

Especially in internal projects the project planning is often seen as a not needed step what is 

wrong and often leads to burning money. 

  

A mandatory BC forces all parties to see the project “financially”. The goal of a project is not 

only "technical", "seasonal", "design related" or "legal". This financial view provides the 

possibility to control shareholder value and corporate profits in a safe way.  

  

4)        Focus 2: The net present value method as an instrument to manage risks  
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If one accepts the benefits of BC’s without the drawbacks to lose sight of (BC based on 

assumptions that may be wrong) there is a further application of the BC as a risk management 

tool. The NPV method allows calculating the concrete quantitative impact of the variances of 

the critical assumptions. An Example: given is the possible construction of a coal power plant, 

in which it is assumed that an efficiency of 43% can be achieved. With this efficiency, the BC 

(NPV) is positive. The engineers make clear, that the 43% can be achieved only if all factors 

(boiler insulation, supply water temperature, coal quality, the number of switch on/off of the 

boiler, etc.) can be optimally adjusted. The engineers assume that in the worst case only 

41.5% can be achieved, but this is only to be expected with a probability of 5%. Using the net 

present value method now a second BC can be calculated with the efficiency of 41.5%. If this 

BC is still positive, it is clear that the project even in the worst case is without financial risks. 

If the BC would be negative in the worst case scenario, there is still no clearness. Here one 

can use the net present value method to incorporate these conditions to the BC in combination 

with their probabilities:  

0.05 probability with efficiency 41.5%;  

0.95 probability of occurrence with 43% efficiency.  

These values can be processed easily in a BC.  

  

In the comments on the discount rate “r” in Chapter 2 it has already been noted that risk 

premium can be used. So the NPV method also can be a measure in the risk management! 

Increased return on investment requirement creates reserves for project failures - it can be 

seen almost as an internal insurance.  

  

5)       Focus 3: The NPV method enables to analyse sensitivities of a project in relation to 

important influencing factors 

  

As was shown in the previous section, the creation of a BC allows a greater transparency in 

risks that have been identified by project members. The NPV method can also be applied as a 

method to analyse sensitivities of a project in relation to important influencing factors [4, p. 

122]. Compared to the chapter above this is a contribution to the identification of new risks. 

Such an analysis is performed to look how the BC and thus the proposed project respond to 

disturbances. An example: if the guideline for investment projects defines a discounting factor 

“r” in a transparent way in general all is clear. But investments in the energy sector are long 

term and it is easily possible that the opportunities to finance this investment might change 
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during the project duration. To examine how the project responds to changes in interest rates 

it can be reduces or lifted in 0.1 %-steps and one can easily see how the BC is responding to 

this factor. If the results depend very much from “r” it can be advised to seek for long term 

financing contracts with fixed terms.  

  

Sensitivity analysis are often used for changes in the exchange rates or oil price fluctuations 

(than can be hedged). Inflation or staff cost trends are further applications for sensitivity 

analysis.  

  

It is clear that the BC can offer help in the identification and analysis of risks. A BC is a 

reflection of future actions but it can also help to achieve these targets and to force these 

future actions to be successful. 

  

6)        Focus 4: Liability of approaches in BCs  

  

Very often project managers who lead the project or the high level manager who initiated the 

project like to show the costs of the project on a low level and boost the possible profits. Both 

– project managers and the management - have a high interest to do the project. It is the idea 

of the manager and the project manager wants to show abilities .Costs and profits will 

“happen” in the future and no one might check it than. This leads to a nice BC with high 

profits. After the decision to go for the project all participants tend to lose sight of the BC. 

Here are mentioned two examples that illustrate the problem:  

a)       The marketing director has prepared an advertising campaign for the product "gas" to 

generate about 10% more customers (about 15,000 households). But the campaign is 

so expensive that the BC would have a positive result only with the additional margin 

of 18,000 new customers. Thus he quickly estimates a few thousand customers more – 

knowing that the 10% estimate was already based on instincts and therefore an 

increase to 12% is difficult to appeal. With this change the campaign even after protest 

of the Control Department will be implemented 

b)       The locally active XY utility for electricity and gas will be asked in the context of the 

overall corporate strategy to outsource its IT department and to integrate into the 

central IT Company of the Group. XY has to pay than an IT-service fee to 

headquarter. The time savings and synergies are promised to be built in the centre and 

should be passed with 50% to XY. Thus the XY-BC is positive per definition in 
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comparison to the status quo. But in the second year after introduction of the central 

IT, the IT-costs billed through the centre increased such that now the external IT costs 

by far exceed the former stand-alone cost.  

 

These examples show realistic cases how to manipulate BC or not to fulfil promises – this can 

be resolved with a link to the used BC.  

  

In case a) the bonus award can be linked to the success of the campaign. The Marketing 

Manager shall be notified in advance that his bonus is linked to the achieved number of 

additional gas household customers. It is important to tell him before because the number of 

assumed new clients (e.g. 15,000 or 18,000) stands for 100% of his bonus - deviations above 

and below are taken into account in the bonus percentage. Suddenly you will be able to 

observe that the motivation of increasing to 18,000 new customers is greatly reduced. Even 

the Marketing Manager began to work on such savings in the marketing campaign that the BC 

to positively even so. This example can be applied to almost all projects that contain 

individually identifiable components with a unique responsibility assignment to employees. 

These identified components of the attachment of premiums can be: budget, bulk buying from 

suppliers, software costs.  

  

In case b) one can recognize a simple rule of risk management: "all that is said can also be 

written down". It would be advisable that the representatives of the IT headquarter write down 

their promises 1:1 in contracts for the duration of the BC. This guarantees XY not to have just 

nice promises. In combination with variable pay it will lead to success otherwise the IT 

headquarter could keep the promises towards XY but higher actual costs could disappear in 

the large central budget.  

  

The liability of the essential assumptions of BC's can be interpreted as a risk management 

tool. Uncertainties are fixed by the binding commit to contracts, agreements or objectives. 

This not only in general but also related to components of the project – it makes the project 

more stable.   

 

 

  

34



7)        Summary  

  

The scientists speak of the Net Present Value method, but in practice this is called a Business 

Case and this implies the use of NPV. BC's are used in order to select alternatives: the best 

projects are allowed to use the scarce capital resources. In the energy sector, the NPV - in 

addition to the strategic filter of a company - is the main selection criterion for future project 

portfolios. The portfolio is determined by the order of the IRR. But BC’s are not only for 

project decision or selection. It forces to a careful planning and provides the basis for the on-

going project control. BC allows the risk assessment and identification by calculating various 

versions or sensitivity analysis. By the force to plan, the support for risk management, the 

possibility to choose the right portfolio, to connect salaries and contracts and a controlling 

tool to reach the defined target the circle of a successful project management is closed.    
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Abstract: This paper presents the results of a master thesis research about the advancement of 
project management systems carried out at the chair of Professor Dr. Konrad Spang, Institute for 
Project Management of the University of Kassel. In cooperation with a German energy supplier 
possibilities for tailoring measurements of project management standards were investigated to suit 
them to different types of power plant projects. 
 
1. Introduction 
The energy sector is faced with a considerable technological development. Driven by a worldwide 
rising need for energy, dwindling resources and the constraints of climate change remarkable 
changes are taken place especially in the field of renewable energies. For instance in Germany the 
share of renewables on the gross electricity generation has been doubled from 10% to 20% in the 
years between 2005 and 2012 and this trend is going to continue [1, 2]. This kind of technological 
development sets new and different requirements according to project management and therewith to 
the scope and the applicability of project management standards. Accordingly companies in the 
energy sector have to adapt their approaches according to these changes to stay up to date and 
capable of competing. That implies amongst others to transfer best practice processes between 
different   types   of   power   plant   projects,   e.g.   from   “classic”   power   plant   projects   (fossil   power  
technology) to new kinds of power plant projects (mostly renewable technologies). Therefore 
companies have to advance their company internal project management standards. 
Company  internal  project  management  standards  deal  with  the  conflict  between  the  company’s  goal  
of standardization on the one hand and the unique character of projects on the other hand. That 
means companies try to set up clear and common structures to raise their project management 
quality by implementing common project management standards. At the same time they risk to 
cause new inefficiencies by over restricting their projects flexibility with regulation. This 
contradiction between uniformity and flexibility needs to be balanced [3]. To ensure the required 
balance between the necessary flexibility for projects and the goal of standardization a specific 
adaption of the company internal project management standards for different types of projects and 
according to the specific project properties is needed.  
 
2. State of research 
Amongst others Crawford et al. [4] and Shenhar & Dvir [5] investigated types of projects. Their 
results show how projects differ and which kind of project categories exist. But nevertheless not 
much literature is available that gives direct support to companies and their project managers about 
how to adapt standards, processes, tools etc. to the different types of projects. This gap is shown by 
Bredillet  et  al.  [6,  7].  In  their  work  about  the  „Nine  Schools  of  Project  Management  Research“,  the  
authors analyze the current state of project management research.  They  write  that  “research  in  this  
area can productively continue into the extensions of categorization systems of projects and the 
effectiveness and refinements of processes used to manage various categories of projects in different 
environments.”  [7,  p.  3]  Further  more  they  identify  potentials  for  current  research  in  clarifying  “the  
project management approaches most suitable for different project settings and methods for adapting 
the   organization’s   existing   approaches   to   various   types   of   projects”   [7, p. 3]. Hence the research 
underlying this paper concentrated on the connection of project management categorization systems 
with project management processes to improve the companies understanding of using optimal 
approaches for the given type of projects.  
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3. The tailoring concept 
The method shown is named as technology orientated tailoring of company internal project 
management standards. Within the scope of this paper company internal project management 
standards are defined as guidelines, organizational structures, processes and methods for companies 
to plan, control and monitor their projects. These standards therewith are the basis for the project 
management system of a company [9]. The following concept is based on a given generic, process 
orientated project management systems that can be tailored and enhanced for different types of 
projects. This constraint implies that the tailoring of project management standards is realized by 
modifying the project processes. According to DIN 69901-2 [10] project processes are differed into 
two groups: a) Project management processes that contains the activities to manage a project. b) 
Project core processes that contain all value adding and technical activities. 
The tailoring procedure shall be able to transfer given best practice processes, approaches or 
methods between projects and to adapt them to the given project type. To achieve these requirements 
a three step research approach has been chosen:  

a) A new project categorization system for power plant project has been developed.  
b) The correlation between project categories and project management processes has been 

investigated. 
c) Tailoring measures based on the correlation have been shown. 

 
Project categorization for power plant projects 
Project categorization attends to identify types of projects due to their properties [4]. Accordingly 
projects properties have to be defined that can be used to differ projects. The analysis of present 
project categorization systems showed that there are two different kinds of categories: 
 
Absolute properties: Those kinds of properties can be differed in an objective way by defined clear 
property variants. They describe somehow the scope of the project. The variants of absolute 
properties   directly   depend   on   the   company’s   context   and  must   be   defined   and  modified   of   every  
company itself. 
 

Absolute Property Examples of variants 
Power plant type Cole fired power plant, gas fired power plant, 

onshore or offshore wind park 
Project type New build, reconstruction, extension, modification, 

service 
Project location Continental, nation, regional 
Project ownership / funding Internal project, external project, funding by 

costumer, funding by supplier 
Customer / supplier relationship Turnkey awarding, lot wise awarding 

 
Relative properties: Those kinds of properties must be differed by comparison to other projects. 
They can only be measures in a subjective way and cannot be expressed in absolute values. As 
shown by Sapper [8] the difference of projects in those properties can be expressed by a quantitative 
weighing procedure. That means that the property is evaluated for a certain project on a defined 
scale of numbers (e.g. from 1 to 5). Defined indicators for each stage of the scale can help to make 
the results of a weighing more objective. Relative properties are normally more general then 
absolute ones. Hence their indicators do not depend that much on the company or the product as 
show for the absolute properties.  
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Relative Property Examples of indicators 
Urgency Time frame, critical to time, impact of delays 
Technical complexity  Number of work packages, complexity of task or 

product 
Coordinative complexity  Number of involved organizations/ departments, 

organizational conditions 
Grade of innovation and novelty  Share of innovative technology, experiences with 

used technology 
Scope Budget, resources, share of budget on turnover 
Risk Number of risks, probably of risks, impact of risks 
Number of involved people Team members, externals, organization 
Strategic importance for company Share of budget on turnover, stakeholders 

 
The correlation between project categories and project management processes 
The research has shown a correlation between project core processes and absolute properties on the 
one hand as well as between project management processes and relative properties on the other 
hand.  

- Project core processes and absolute properties both depend   directly   on   the   company’s  
context. As shown above absolute properties given an overview of the project scope while 
core processes describe how to achieve this scope [5]. 

- Project management processes and relative properties both relate to the management of a 
project. While management processes contain the management activities for the project [5], 
the   characteristics   of   a   project’s   relative   properties   directly   influence   these   management  
activities [10]. 

Sapper [8] has shown that influence matrices can be used to identify independencies between two 
properties. This method is adapted but modified to check the influence of the project properties to 
the project processes as explained above. They imply the question how much the project processes 
y ϵ {1,2,…,j}  change depending on a change of property x ϵ {1,2,…,i}  [8]. The bigger the expected 
change, the higher is the influence of the property to the process. The evaluation can be done by 
using a scale between 0 (no influence of the property to the process) and 3 (very strong influence of 
the property to the process). 
For a high level of standardization within a company it should be aspired to have one universal 
correlation matrix which is applicable for all projects within a given process landscape. In how far 
that’s  possible  for  a  company  has  to  be  defined  in  every  single  case.  It  is  recommended  to  execute  an  
expert  workshop  with  the  company’s  project  managers  and  experienced  project  members  to  achieve  
most reliable results.  
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Tailoring measures 
Based on the results from the correlation matrix tailoring measures can be defined for project 
management processes and project core processes. The tailoring of project management processes 
can be executed in a mathematical way. Therefore the results of the correlation matrix have to be 
normalized to one column by column. This is done by dividing every value by the column sum. The 
results  show  the  properties’  share  of  influence  on  a  process.  With  these  normalized  values  a  process  
weight for each single management process can be calculated. The normalized values zxy ϵ [0,1] of 
the properties x ϵ {1,2,...,i} are multiplied with the properties results of the project categorization 
and then summed up for one process. The result is a process weight (PW): 
 
PWy (PM-Process y) = [Urgency]*z1y + [Technical complexity]*z2y + [Coordinative complexity]*z3y 
+ [Grade of innovation and novelty]* z4y + [Scope]*z5y + [Risk]*z6y + [Number of involved 
people]*z7y + [Strategic importance for company]*z8y 

 
Project managers can use the PW to see which processes in their project are very important or 
critical so that they can pay more attention to them. Further the method allows to differ between A-, 
B-, C- and D-class processes. There with the classical classification of projects into A, B, C, D can 
be realized more detailed. For every project management process four process variants can be 
defined, one for every class. This enables companies and their project managers to better understand 
a project in the early phase so that better planning, controlling and monitoring can be achieved. 
 
For the tailoring of core process a mathematical approach is not available. But the results of the 
correlations matrix helps to set up the optimal process model and to transfer processes from similar 
projects. The line total shows the most influencing properties. They can be defined as primary 
properties. On the basis of the primary properties reference process models can be defined. Those 
reference models can be administrated in a project process data base. The secondary properties can 
help to modify the reference models to suit them to the affected project. To realize such a tailoring 
system intensive post project evaluation and documentation is needed. Therefore post project 
assessments and audits should be implemented.  
 
4. Results and Conclusion 
 
The described research has shown an approach for companies in the energy sector to better analyze 
their projects. The focus of the investigation was on the correlation between project properties and 
project management processes. Therefore a project categorization system has been developed that 
differs between relative and absolute project properties. That gives a better understanding of the 
projects characteristics. Further a correlation between project management processes and relative 
properties and between project core processes and absolute properties have been shown. To 
determine the influence of the properties to the project processes a correlations matrix has been 
developed. This analyzes is the basis for the tailoring of the project processes and therewith of the 
project management standards to fit them to the projects requirements. 
 
The tailoring method can further be used to gather new information for the implementation of 
program or portfolio management. It enables to transfer knowledge as best practice processes 
methods and tools between projects. Therewith a continuous improvement of the project, program 
and portfolio management within the company can be achieved.  
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Abstract: The energy industry has changed dramatically in recent years. So far there were 
heterogeneous structures in place. Now this industry is looking for standardized solutions. One 
of these solutions is presented here: Project Management Standards. 
 
1. Introduction 
 
Standards for project management are used to draw up basic processes and procedures which 
support the successful execution of projects. To this effect, project phases, project management 
processes and responsibilities are generically defined and shown along the lines of a process. 
The described process steps define the requirements for the planning, execution, control and 
monitoring of projects, starting with project development and continuing through to project 
completion. 
 
Higher-level basics are stipulated by international project frameworks such as PMI (1) or Prince 
2. This document briefly outlines the main contents of a project management standard and 
attempts to critically assess the advantages and disadvantages involved. 
  
2. Scope of standards 
 
The introduction of a project management standard is intended to define the associated project 
types and categories. The most important and relevant terms are outlined below.  
 
 
3. Terms, abbreviations 
 
Project:  
A project is subject to a limited timescale and aims at creating a unique product, service or 
result. In its entirety, it is essentially determined by the uniqueness of the conditions involved, 
e.g. targets, conditions with regard to time, finances, staffing or other aspects, scope and 
organisation. 
 
Project type: 
A project type covers a range of projects. The project type is initially determined within the 
context of tailoring. At least one project type variant is offered for each project type and 
mandatory modules are stipulated for how to proceed. Various project features which enable 
optional procedural modules to be selected are allocated to one particular project type. 
 
Project category: 
The project category serves to distinguish projects in terms of complexity. Using various 
criteria, categories TOP, A, B and C are established. TOP projects are those with the highest 
level of complexity and C projects those with the lowest level of complexity. The category also 
indicates the minimum qualifications which a project manager or employee must have in line 
with the project category. 
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Technology (project type): 
Projects can differ, for example, in terms of technology (technology & innovation projects, 
new-build-projects) so that the generic project management system is also focused in line with 
the requirements of different project types. 
 
Technology & innovation projects: 
Technology & innovation (research and development) projects contribute towards gaining 
knowledge about new or improved technologies or products. 
 
Milestone: 
The  PMI  standards  define  a  milestone  as  a  “significant point or event in the pro-ject”. 
 
Gate: 
Gates are special milestones for project phases. They separate individual phases from each other 
(start and end of a phase). 
 
Project phases: 
Project phases within the course of a project depend on the field of industry or project type. 
 
RASCI matrix: 
The RASCI matrix is used to specifically allocate responsibilities to roles in pro-ject 
management. 
 
Its significance is defined as follows in a project management system: 
 

 

R =  
Responsible 

A =  
Accountable 

S =  
Supportive 

C =  
Consulted 

I =  
Informed 

Person who is 
responsible and 
initiates the 
implementation 
of an activity or 
who performs 
this activity 
himself or 
herself. 

Person who is 
accountable in a 
legal or 
commercial 
sense and who 
makes 
appropriate 
decisions. 

Person who 
supports 
responsible 
persons in an 
activity by 
contributing 
work or 
providing 
operating 
resources. 

Person who 
provides advice 
about a task to 
be performed. 

Person who is 
notified about 
the course or 
results of an 
activity. 

 
 
 
3. Responsibilities 
 
The project management system should be set up and managed by a specifically appointed 
organisational unit. This unit ensures that the overall system is consis-tent. A process manager 
who is responsible for the process contents should be appointed for each process. It is this 
person’s  duty  to  provide  the  necessary  level  of  process  detail,  the  contents  of  the  processes  and  
the required documents (e.g. templates and tools), to ensure that they are continuously up-to-
date and to in-clude findings for the purpose of continuous refinement. In this connection, the 
process manager is supported by the nominated organisational unit. 
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4. Description 
 
The project management system should be realised as an integral part of the Or-ganisation Manual 
and its application is thus mandatory. This also includes re-quirements which focus on linear 
management activities but which are also to be applied from the point of view of project 
management. In contrast to linear man-agement activities, projects are unique in character. It is 
therefore important to specify precisely for each individual project just how the relevant 
requirements are to be implemented. This is done by compiling and releasing a separate pro-ject 
manual for each project. 
 
Project phases: 
The project management system should be defined by a phase model. The usual project phases are 
separated by intermediate results (milestones). This stage gate model enhances transparency and 
improves project management possibili-ties of taking action. 
 
The relevant phases may be as follows: 
 
- pre-development 
- development 
- execution 
- operation 
 
The pre-development, development, execution and operation phases are higher-level phases 
comprising several project phases. The development phase (pre-development and development) 
comprises the pre-screening, screening, concep-tual design, basic engineering, specification and 
tendering phases. When the main components have been tendered and the Gate 2 process has 
finished, this development phase can also come to an end. 
 
Release by the Gate 2 process is followed by the execution phase which com-prises the detailed 
engineering, fabrication & construction and commissioning phases. For a more detailed description 
of the stage gate model, supplementary instructions, e.g. front-end loading and cost engineering, can 
be applied. 
 
From the point of view of project management, separate initiation, execution planning, monitoring 
and control as well as close-out  (referred  to  in  PMI  as  “pro-ject  management  process  groups”)  have  
to be performed for each project phase. Frequently, these project management process groups are 
performed more than once within a phase. 
 
5. Project processes and organization 
 
Within the project management system, project processes are distinguished be-tween organisational 
processes  (“project  management  processes”)  and  technical  processes. 
 
Based on PMI, project management processes are as follows: 
• integration management 
• scope management 
• time management 
• cost management 
• risk management 
• project quality management 
• human resources and organisation management 
• communication management 
 
Core processes could include the following for example: 
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• engineering 
• procurement and contract management 
• SHE management 
• site management 
• commissioning management 
• permitting and regulation management 
 
In the project management system, each process is described on three levels. On the first level, all 
project management and core processes are listed in the overview. 
 
The second level shows the subprocesses which are subordinated to the respec-tive process. 
 
The third level (subprocess step level) describes the activities allocated to the subprocess. The 
description includes input / output, responsibilities in line with RASCI, tools / templates, interfaces, 
and other relevant instructions. Here again, a distinction is made between the different project types, 
categories and tech-nologies. 
 
In the description of the process steps, the focus is on the question of what has to be done (based on 
project experience), whereas the allocated instructions show in depth how it has to be done (based on 
linear management experience). 
 
A temporary project organisation is set up for each project. The internal project client appoints a 
project manager who then sets up the necessary project team and continuously adjusts it to the 
project’s  current  requirements.  The  Project  Management  Division  must  be  consulted  by  way  of  
support and has to approve both the form of project organisation and the planned organisation chart. 
 
It is important that, together with the project organisation, clear-cut tasks, respon-sibilities and 
competences are defined for project execution. In particular, coop-eration with line management 
units is important. Responsibilities are allocated by means of the RASCI system. 
 
Another aspect for set-up of the project organisation is the need to adjust existing skills to the 
necessary competence for the project task (e.g. in line with the project category). 
 
 
 
6. Conclusion 
 
The introduction of a project management standard is not a universal remedy (2). In practice, there 
are a large number of advantages and disadvantages (see below). Despite these disadvantages, such a 
system offers an immense advantage for the purpose of standardising processes within a company 
and offering staff an important knowledge database. 
 
Advantages: 
- creation of a company-wide standard basis 
- faster response to market changes 
- set-up of project management 
- establishment as a profession within a company 
- assurance of company-internal communications 
 
Disadvantages: 
- frequent compilation of manuals which are not put into practice 
- lack of visible recognition within the company 
- frequently viewed by staff as being too formalistic 
- high-level initial investment 
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Abstract:  
 
The article discusses the management of organizational change projects in the German energy 
sector. What are the changes Project Managers have to handle? How do they manage the 
projects for downsizing, restructuring and scaling their business? Which experiences did they 
gather? How important are “soft fact” topics like participation, qualification and 
communication? 
 
In the first quarter of 2013 we started a series of explorative expert interviews. We contacted six 
managers from 4 different companies covering the established power supply industry and 
companies in the area of renewable energy technologies. 
 
1 Business Environment for the German energy industry 
 
Of course the companies in the energy industry are very different regarding their business focus 
and internal structures. Anyway, since spring 2010 they are in a similar situation, they have to 
cope with the tremendous change impact, kicked-off by the German “Energiewende”. The 
political decision to quit the nuclear energy business irrevocably has changed the business 
setting completely. In the last few years, the companies have faced a need for change. In fact, 
there are winners and losers. The organizations are in different positions to handle the chances. 
While some see new opportunities, others are threatened in their existence.  
 
“A lot of big projects have been killed in the last year. Everybody asks himself whether his job 
is still safe.” This is how a project manager from a plant building unit of a traditional power 
supply company is reporting. The level of uncertainty is high. The managing director of a 
service company puts it quite bluntly: “Our traditional business model is no longer working. We 
have to cope with a fatal chord of leaving the profitable nuclear business and investing heavily 
into the power grid at the same time. Additionally our gas business has to digest the 
fundamentally changed price level in the market.”  
 
So far, in the power supply industry the effects for the employees are discouraging. The three 
big power companies RWE, EON, EnBW have announced major cost-cutting initiatives and 
substantial lay-offs. Almost 25,000 employees will have to leave in the next few years. The 
resizing of the companies is not well understood by the people. In 2012/13 EON and RWE were 
still reporting a multi-billion profit. [2,3] 
This doesn’t increase the level of acceptance in the staff. Instead the forced change is perceived 
as a threat. The main challenges for the organizational development is to re-size the internal 
structures while dealing with an organizational culture based on stability and security. 
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We found a different situation in the renewable energy sector. The need for change is not 
smaller. On the contrary, companies in the solar and wind energy business have to face two 
major challenges in the market. The competitive pressure, especially from Chinese companies, 
has risen in the last few years. Due to much lower production costs, the competitors from Asia 
were able to force down the price level in the market. While at the same time the demand in the 
German market is flattening. The changed approach for subsiding the private customers has 
started to reduce the market demand.   
 
“This is a roller coaster business,” as the Head of HR in a wind power company in the small 
firm sector puts it. The years of strong growth came to an abrupt stop in 2008. The dry-out in 
the financial markets made it difficult to invest in new installations. In the following years 
growth was much lower than expected. For the internal structures a time of consolidation was 
started. Additionally the remaining growth took place outside Germany. “We are a traditional 
German craftsman’s business, grown up to a couple of thousand employees and faced with the 
challenge to manage our international customer base globally.” The main task for the 
organization is to align internal processes and to qualify the staff for the change business 
environment. 
 
These market forces have become almost lethal in the solar energy industry. The German solar 
energy companies are in a very uncomfortable situation. In the golden years between 2000 and 
2008 they grew enormously, driven by the publicly financed demand boom. The number of 
employees in the solar energy industry exploded up to 130,000 in 2011. Almost everybody in 
the industry built up excess capacity. At the same time they neglected investment in R&D. In 
Germany today, we have a lot of oversized solar energy companies with a substandard portfolio 
of product innovations. Since 2011 the demand is drying out and the price is falling. The 
consequences for the companies are highly visible in the newspapers. In 2012 alone more than 
30,000 people were laid-off. Pessimistic estimates believe that almost 70% of the companies 
will have to leave the market within the next 5 years. Today, organizational development 
projects mean to increase efficiency, re-sizing and re-locating. [4,5] 
 
 
2 Conceptual approach for integrating project and change management 
 
Organizational changes can be managed as projects; they are temporary endeavours with clearly 
defined objectives. The addressed organizational change is a unique, one-time activity; this 
means that the uncertainty about how to get there and the risk of missing the target are high. 
Modern project management provides a well proven framework for planning and controlling 
tasks like this. 
 
In the energy industry projects are well established as a form of working. Project management is 
applied intensively for managing engineering projects. Project managers are trained and 
experienced in tools and techniques. Traditionally these projects are focused on “hard facts and 
mandatory dependencies”. The more soft fact oriented issues like communication, qualification 
and participation are normally not central for delivering project success. This is changing. The 
massive organizational remodelling has increased the need for managing the people side of 
change. 
 
Managing organizational change is aimed at supporting organizations, teams and individuals by 
implementing structures, processes and behavioural routines in the organization. To implement 
means to ensure the acceptance and the application of the changes on a social and psychological 
level. Modern change management provides methods and approaches for designing and 
accompanying change processes.  [1,6,7,9] 
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Change projects follow the classical project management circle of initializing, planning, 
executing and close down. [8] The main management tasks are described as project assignment, 
project baseline and project governance structure. For organizational changes a life circle 
concept can be described. The phase concept is based on an iterative, cyclical approach to 
manage organizational changes in a step-by-step fashion. [10] (Abb. 1) 
 

 
 

• Vision – the change-initiative starts with the definition of the organizational vision. This 
covers the fit between strategy, environment and the main organizational design 
dimensions. Basically the management has to answer the questions: Why do we have to 
change? What do we want to achieve?   

• Design – the specification of the relevant organizational design dimensions is set up. 
This may cover different scenarios and is based on an iterative process. It gives a clear 
picture of what will change and how the organization plans to get there. Essentially it 
covers design elements and communication issues alike. It is a holistic approach for 
describing the change roadmap. 

• Preparation / Implementation: now the executing is started. Materials for training and 
communicating are set up, multipliers and managers are prepared. The design elements 
are rolled out.  All necessary activities and deliverables for “going-live” are managed. 

• Evaluation - one of the challenges of organizational change projects is that it might take 
some time before the intended positive consequence can be observed. The evaluation 
means not only implementing ongoing checks for making sure the project is on track. 
Additionally the evaluation has to monitor the long-term effects of the new 
organizational set-up.  

 
The CM life cycle describes the basic phase of the project. Additionally different work streams 
can be used to describe the required activities and deliverables: 
 

• Structural development – organizational changes are based on a clear definition of the 
organizational structure, role definitions, reporting lines, performance lines and more. 
These tasks can be planned and controlled based on work packages and deliverables. 

 
• Skill development – for employees a new organizational structure brings new roles and 

tasks. They have to learn new skills and develop the required competencies. This is an 
HR issue and is normally rather a long-term task interfacing with daily HR business. In 
the project plan this is often handed over to experts from the line organization. The 
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monitoring is also carried out in more HR-specific way, taking care of individuals and 
long-term development goals. 

 
• Leadership and Communication – successful organizational change projects are able to 

deliver not only the required deliverables. Additionally stakeholder acceptance is 
ensured. The main challenge is to communicate properly with the impacted stakeholder 
groups. One basic tenet of change management is to offer participation, which means to 
involve the impacted persons. This is a leadership issue and requires open 
communication about objectives, procedures and reasons. In the project plan this is not 
easily addressed by work packages and hard dependencies. A more iterative, open 
approach is required. Often concepts like maturity levels and stages are applied to 
describe and follow-up the “soft” side of organizational change.  

  
 
 
3 Status Quo 
 
How are companies handling the need for organizational change today? Are managers willing 
and able to address the people side of change in a professional way? How are project 
management and change management linked in management practice? 
 
Management of Project Portfolios – considering organizational change aspects 
 
Companies are challenged by external pressure to adapt to changed market conditions. While 
companies are pursuing different strategies, there are some typical patterns in the different 
sectors of the energy industry. In the companies from the traditional power supply sector, an 
atmosphere of loss and insecurity is often prevalent. This also shapes the management attitude 
and actions. A different mood can be found in the companies of the renewable energy 
installation and production business. Overall, they have started to seize the opportunities of the 
new market constellation.  
 
“The announcement of massive staff reductions hit us by surprise. Afterwards, almost nobody 
was interested in the daily project business. Everybody started to position himself for the new 
organizational setup,” reported a project manager from the plant building unit of an energy 
provider (Energieversorger – EVU). An atmosphere of “duck and hide” took place. A tendency 
to avoid risks and delay decisions made the daily business difficult.  
 
A different observation was described in those companies contacted in the solar & wind energy 
industry. The employees are much more familiar with changing conditions. From the start-up 
years, they are used to working in a highly dynamic environment. Furthermore, the culture of 
flat hierarchies and lean processes is creating a more open and agile company culture. This 
supports a more opportunity-oriented discussion of the situation and a higher willingness to take 
risks.  
 
No matter which part of the industry, none of the contacted companies applies a systematic 
approach for identifying and analysing change projects. There is no portfolio-oriented approach 
for managing and coordinating organizational change activities. The companies are following a 
more re-active approach and start to address the people side only after resistance by the 
employees has become critical. 
 
This management practice has at least two major drawbacks. Firstly, the companies are missing 
the benefits of a coordinated portfolio. Synergies might be lost and conflicts evolve in an 
uncoordinated, potentially harmful way. Secondly, organizational change projects are 
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competing not only for resources and time. Even more challenging, change projects draw 
attention away from the daily business. This effect may harm the operational performance 
substantially and also reduce the motivation of the staff in the long term. A coordinated, 
portfolio-based approach can help to avoid these unintended effects and keeps the organization 
agile. 
  
 
Planning and executing change projects 
 
All interviewed experts reported about a strong project culture in the companies. The 
management tasks of planning and controlling are performed reliably and with a sufficient level 
of professionalism. Well-proven tools such as assignments, breakdown structures and 
performance indicators are systematically deployed.  
 
A completely different picture is found in the area of communication and participation. None of 
the contacted project managers was aware of any defined or actively managed communication 
strategy in project work. In reality, stakeholder management was carried out in very re-active 
way, only when the pressure started to rise. In general, the lack of a clearly-defined 
communication plan makes this a very exhausting and unpleasant activity. One project manager 
puts it bluntly: “Change management – nobody wants to do this job!”. [3,4]  
 
The project management guidelines of the contacted companies do not give any advice or 
support in managing the change issues. How to set up a communication plan? How to define a 
skill development strategy or how to align the leadership style with the change scenario? The 
project managers are on their own in handling these tasks. Not surprisingly, an effective 
implementation of change initiatives is perceived as a rare exception in the companies. Today, 
project management practice in companies has a blind spot regarding change management. 
 
 
At operational level, the project managers become more and more aware that “soft factors” are 
critical for success in managing change. The teams start to invest time to develop a common 
understanding about risks and opportunities of social issues. Experiences and lessons learned 
are collected on how to foster awareness and acceptance, how to involve the impacted and 
organize participation? How to run an effective and efficient communication campaign? 
Gradually, internal networks of experts are established to share findings and best practices. 
Overall, the teams are willing to try new approaches and to learn about change management. 
More and more, they start to apply more experimental settings from the world of theatre and 
music.  
 
One challenge is to make sure that “repercussions” and feedback in the organization become 
visible: fast, reliable and in an efficient way. “We are very interested to learn about how the 
kicked-off changes are perceived by the impacted colleagues,” says one project manager 
involved in a process roll-out initiative. Established communications formats such as 
conferences, market-place settings and networks of experts have become so common that it is 
difficult to trigger the required reflections on a social and psychological level. New approaches 
based on large-group settings such as World Café and Future Conference are used. But also 
more cost-efficient approaches based on Web 2.0 technologies have become part of the 
communication toolbox in the companies. Very clearly, the change experts in the organizations 
are fighting for the necessary attention with creativity and innovations.  
 
Unsurprisingly, the lack of planning in the soft fact area has negative consequences in the 
execution phase as well. In times of budget-cuts and reprioritizations, activities that are not 
explicitly planned have a hard time surviving. Almost every contacted project manager talked 
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about the exhausting task of securing budgets and resources for communication and 
participation. Reduced travel expenses, massive cuts in training and qualifying measures, 
overall hard-fact oriented discussions about productivity and efficiency make it very difficult to 
run the necessary change activities. The blind spot in project plans has become an open-pain 
point in the execution phase. Today, change management has a low priority on the management 
agenda.  
  
 
Participation and Communication 
 
Traditionally, the German EVUs have a strong culture based on stability and security. This is 
fundamentally manifested in the mentality of managers and employees. “The majority of our 
managers are mainly interested in perfectionism and permanence. They defend the status quo, 
avoid risks and are basically in re-active mode.” This is the appraisal an EVU manager gives to 
his management peer group in a large EVU company. He is also concerned about the slow-
motion mode which makes decisions difficult and decreases desperately required business 
agility.  
 
Overall in the contacted EVU, the management is focused on numbers and “hard facts”. 
Strategy and execution are linked by the management-by-objectives framework which 
emphasizes quantitative objectives and performance indicators for controlling. Soft facts are not 
covered in the score cards with the same rigour as the head count and productivity. Furthermore, 
the basic communication mode is top-down and runs through the complex management 
hierarchies. More participating styles of collating and distributing information are not part of the 
organizational set up today.  
 
Again, we found a different situation in companies of the renewable energy business. Generally, 
the companies are smaller and on average younger. They have a strong identity formed in the 
start-up years of growth and financial success. Hierarchies are flat, the processes overall leaner, 
a more decentralized, participatory style of communicating has been implemented. This has 
consequences for the management mentality. “The ability to communicate with colleagues on 
different levels is a must for every manager in your company. We assess this carefully when 
hiring new people.” Afterwards, the managers take part in development programs which address 
these leadership competencies. Coaching, networks and feedback sessions are in common use.  
  
 
4 Change Management as a core competence 
 
At which point are the companies today? The interviews with managers from projects and line 
departments represent only a very limited view of the status quo in a diverse industry. The 
comments are subjective and of course do not allow generalizations for the whole sector. 
Nonetheless, a first impression which may support future research activities can be formulated 
based on the discussions.  
 

• The “Energiewende” is forcing companies to change. The better they are able to re-
position themselves in the changed business environment the more likely they will be 
able to exploit the opportunities of this market. This change requires not only new 
products and processes, they also need a company culture which allows and fosters 
organizational change. The “People side of change” is a basic ingredient to becoming 
and remaining agile. Today, companies have a low cultural awareness of this. While the 
traditional EVUs cling to their core values of stability and status quo, the companies 
from the renewable sector are trapped in a mentality of reaping state subsidies and 
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living in unsustainable market structures. This cultural misfit between internal 
structures and external challenges is threatening the long-term viability of the industry. 

 
• Managing change is a core discipline in modern management. Being aware of, and 

being able to manage, “the people side of change” is a must in every industry which is 
confronted with a global and dynamic market. Compared to companies in 
telecommunications or aviation sectors, which digested this challenge a couple of years 
ago, the power generation industry is in its early phase. The change topic is at the 
bottom of the management agenda and the operational performance is substandard in 
terms of maturity. This lack of alignment of the internal skills map may harm the 
competitive position of the companies. The ability to motivate people is a critical 
success factor. 

 
• Time is critical! It not only takes time to improve business agility; even more critical, 

bad change management is demotivating people in the long term. There is no quick-fix 
for restoring trust and support once it has been lost. Today, the value of a motivated 
work force and a strong corporate identity does not seem to have top priority in the 
management discussion. The experience from other industries is quite obvious; business 
agility is built on company culture. Some companies have learned this the hard way. 

.  
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Abstract: The article “Multi-project Management in the utility sector“ describes the structure 
and functions of multi-project management in general and a concept of the structure for the 
utility company in special. 

Furthermore a description of the implementation of a successful multi-project management 
system will be provided. 

After an introduction, the terms and definitions as well as the benefits will be explained. The 
article is structured in the dimensions “methods and processes”, “organization”, “people” and 
“IT” as well as the link to the company strategy. The tasks and main characteristics will be 
described and an application in the utility sector will be shown. The article will close with the 
implementation of multi-project management within a company. 

 
 

�  Introduction 

Based on the changing environment and the flexibility in the utility sector a new organizational 
working approach is becoming more and more important. 

Project management is a critical success factor for utility companies in the last years (cf. [1]). 
The competence to organise and manage important and temporary endeavour as a project 
increases the quality of deliverables as well as the motivation of the employees. This leads to an 
increase of efficiency of the whole company. 

Apart from the single project management (SPM) the Multi-Project Management (MPM) 
approach is playing an important role. The main goal of the Multi-project Management is it to 
start the right project at the right time and to avoid resource conflicts.  

But the introduction of project management (Single-project Management and/or Multi-project 
Management) leads to organisational changes and therefore to fears and reluctance of the 
employee side. Therefore a professional change management is crucial for success. 

Many companies have put a lot of effort in the development of the Single-project Management. 
In most cases the successes of the projects regarding scope, time, and budget have increased. 
But there is still a lack of potential, which is not exploited (cf. [2]). 

The goal of the Single-project Management is the improvement of cost, time and quality of a 
single project. The goal of the Multi-project Management is improvement of the economic and 
strategic company situation as such. 
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�  Status quo and the relevance of Multi-project Management  

In 2008 a research of the IDC, in which companies of different branches were questioned 
regarding their experience about the implementation of Multi-project Management has shown a 
positive impact of project portfolio management (cf. [3]):  

- The number of project which were performed simultaneously increased by 25% 
- At the same time the cost decreased by 37% at an average 
- The amount of failed projects dropped by 59% 
- Redundant projects could be fostered by 78% 
- Only half of the project overextended the budget in comparison to before using Multi-

project Management solutions 
- The quality of the work performance increased and for the execution of project averagely 

one third less time was needed. 
 

An additional research of the Technical University of Munich from the year 2007 verifies that 
many companies are aware of the benefit of project portfolio management but hesitate to 
implement project portfolio management (cf. [4]). 

- 45% of the top managers know about the strong impact of project portfolio management on 
the business success but... 

o Only 12% of the companies execute the right amount of projects 
o Only 19% of the companies stop unnecessary project consequently 
o Only 23% of the companies split the resources in line with the strategy 
o 32% complain about double work effort 

 

�  Defining the terms Multi-project Management, Program Management, and Project 

Portfolio Management 

The definitions and terms of Multi-project Management are actually not applied in a consistent 
way in theory and praxis. Therefore a brief overview and definition of the main terms is 
required and shown in this chapter: 

In order to delimit the different terms the following chart delivers an overview. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Definition of Terms  
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Concerning DIN 69901-5-2009 Multi-project management (MPM) is the organizational 
frame for conduction of a variety of single projects. The co-ordination of the resources for these 
projects is part the Multi-project Management. (cf. [5]). 
The Multi-project Management consists of a project portfolio management as well as the whole 
project management system incl. processes, standards, key performance indicators, templates, 
rules, IT solutions, competence development, etc. (cf. [6], p. 58 ff.). 

A bundle of projects with the same goal is called a Program. Program Management is the 
planning and controlling across of a bundle of projects with the same goal. (cf. [6], p. 22 ff). 

 

Project portfolio management is the permanent planning, prioritizing and controlling of a 
variety of independent projects of one unit and/or the whole company (cf. [6], p. 23).  

The main tasks of the project portfolio management are the planning and controlling of the 
project portfolio, with the following activities: 

- Defining and prioritizing of projects and programs to realize higher organizational or 
company goals 

- Evaluation of requested projects 
- Permission, postponement, and rejection of project requests and change requests of running 

projects 
- Continuously supervision of running projects (project progress, budget, risks, resources, and 

dates) in the company view 
- Solutions for conflicts in several projects regarding targets, dates, resources, and budget 
 

�  Comprehensive Multi-Project Management Approach 

For a goal oriented and successful Multi-project Management it is crucial to have an integrated 
and comprehensive approach with the dimension 

! People  

! Methods and Processes 

! Organization and 

! IT. 

It is important to know that Multi-project Management is not a static organizational structure 
but a dynamic approach with continuous improvements. 

These dimensions are the “adjusting screws“ which you have to screw in order to implement a 
successful Multi-project Management. 

Apart from these four dimensions, the consideration and the linkage to the company strategy is 
crucial as the strategy has a direct influence to the project portfolio and therefore to the selection 
of projects. 
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���  Dimensions Processes and Methods 

The basis for Multi-project Management solutions is a standard project portfolio management 
process. Due to the company specific extension and integration of these processes in the 
existing processes variety, the methods, the organization, the IT, and the requirements on the 
performing people are worked out.  

 

Figure 2: Standard Process of Project Portfolio Management  

 

The project portfolio management process has to be involved in the business processes of the 
company. The following business processes have to be considered:  

- Budgeting (annual planning, accounting, controlling, forecasting) 
- Risk management (risk consolidation, risk communication, allowance) 
- Resource management (capacity planning, personnel development, connection to work 

council, working times, incentive systems) 
- Knowledge management (securing of experience) 
- Information management (regulations for documentation, labelling, archiving) 
 

���  Dimension Organization 

For the project portfolio management a permanent organizational unit has to be set up in the 
company. In general this organizational unit is called the Project Management Office (PMO). 
This PMO is reporting to the portfolio steering committee (decision-making authority) and 
usually has besides the portfolio planning and controlling the following two main tasks: 

As PM competence centre it is responsible for the permanently development of PM methods 
and the PM organization. The PM competence centre serves as a company internal know how 
centre for project management and exists as executive department of employees with expert 
knowledge about project management. 

As PM service centre it is both responsible for the operative support of the complete PM 
organization for the application of PM methods and their tools in the form of trainings and 
coaching as well as being a technical contact person for PM methods/tools.  
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For hierarchical project portfolios several PMOs with defined decision authority are established. 
The tasks, competencies and responsibilities of the PMOs distinguish regarding the hierarchical 
level and/or the centrality (central vs. decentral). The highest / central level can be seen as 
strategy and structure defining entity for the project management. Most the time the decentral 
PMOs are focusing on the support of programs and projects with PM resources as well as 
templates, process descriptions. The following figure shows an example of the construction of a 
power plant. 

 

Figure 3: Structure of a Project Management Office  

 

���  Dimension People 

In order to get qualified and motivated employees for the tasks and functions of project 
portfolio management, these functions have to be designed attractively. This can be achieved by 
realizing the following steps: 

- Accordingly high organizational mounting of the project portfolio organization, 
- To embed the roles of project portfolio management in the career model of the company, 
- To offer training opportunities, 
- To define opportunities for development both in the direction of line responsibility as well 

as in the project leading, and  
- To define authorities and scope for action. 
 
The project portfolio manager is a “sparring partner“ for the management regarding the 
planning and controlling of the project portfolio as well he is in a frequent agreement with the 
line managers and project leaders. This requires an appropriate standing in the company and a 
wide range of experience background of the project portfolio manager. 
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���  Dimension Software 

The last but most necessary step to guarantee the sustainability of the solutions is to integrate a 
software solution for the project portfolio management in the existing IT landscape. After the 
processes, the methods, the organizational implementation, and the qualification of the 
participants (potential users of the IT solutions) are defined, the appropriate IT solution will be 
designed and implemented based on these requirements. Respectively to these requirements 
unique software solutions can be designed or a on the market existing one can be implemented. 

The granularity and distinctness of several functional modules varies to each segment. In 
general for each software designing it has to be defined if the single project management and 
the multi-project management are to be administered together in one system environment or not. 

The advantages and disadvantages of both architecture approaches have to be weighed against 
each other. 

 

�  Application of Multi-project Management in the utility sector  

 
This chapter shows the particularities of project management in the utility area. Furthermore the 
benefit of Multi-project Management will be derived.  

Based on the three types of projects (customer projects, internal projects, Research and 
Development projects (R&D)), there are mainly for the customer projects segment specific 
differences. 

 

These differences are also existing in the dimension „People“, „Methods and Processes“, 
„Organisation“, and „IT“. 

 

Figure 4: Project Competences in different Branches regarding the four Dimensions People, 
Organization, Methods, and Software 
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The main tasks of companies within the utility sector are the generation, the distribution, and 
the trade of energy. Thereof the generation and distribution have the biggest part of the value 
chain. These part of the value chain are characterized by big projects of construction, 
maintenance, and deconstruction of power plants. 

Therefore the utility company, particularly energy suppliers, are in the area construction / 
Project business. Thus they are at the most complex level of project management. The high 
demands on project management are in the area of Single-project Management and Multi-
project Management. 

The client projects in the utility sector can be categorized in new construction projects 
(categorized regarding technology, e.g. gas, coal, renewable energy forms (wind energy, 
photovoltaic, and biomass)) and according to the contract type (plumb projects or general 
contractor projects), asset projects, grid projects IT / TC – incl. Smart Metering and Smart 
Grids.  

- New construction projects 
o Technology  

(a) gas,  
(b) coal,  
(c) renewable energy forms  

(i) wind energy 
(ii) photovoltaic 
(iii) biomass 

- Contract type 
o Plumb projects 
o General contractor projects 

- Asset projects 
- Grid projects IT / TC 

o Smart Metering 
o Smart Grid 

The largest amount of projects is technological and required by law (so called must-projects). 

In the development of project portfolio in several big energy suppliers which are operating 
internationally, a hierarchy project portfolio structure was evolved which is based on the 
organizational structure, e.g. power plants – business unit – mother company. 

The typical characteristics which gain importance through the above described project 
management with its four dimensions, of energy suppliers are: 

- Each major project needs a type of project portfolio management 
- A very long project duration and a very high volume (several years and billion Euros of 

budget) and therefore a very big project team 
- Several sub-suppliers which have to be coordinated 
- Order-related single production/manufacturing 
- Individual project closings 
- High share of project dependent costs and services 
 

The essential success factors for the project business in this branch are planning security - due 
to extreme high investments, project management as elementary core competency, excellent 
project controlling, elaborated risk management, claim- and contract management without any 
leaks, as well as a project oriented organization, structure, culture, and processes. 
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Under consideration of the above mentioned features of energy utility companies the project 
portfolio management is able to provide the following points: 

- Through clearly defined strategic and economic defaults concerning Bid-No-Bid decisions 
and the following contract signing the composition of the project portfolio will be 
optimized sustainably.  

- Through a demand-capacity alignment it is secured that the necessary resources for the 
project are available and therefore the project is executed within the budget and time frame.  

- A standardized project portfolio controlling guarantees that changes are recognized 
premature and actions are initiated.  

- The gained transparency in the planning and controlling about the project portfolio protects 
the usage of existing synergy potentials. 

 
This leads to a lasting increase in the turnover, decreasing costs, shorter cycle times and 
improved liquidity. 
 
To successfully implement a project portfolio management in energy utility companies and to 
permute the above mentioned success factors, in the following chapter a successfully applied 
approach is described.  

 

�  Concept of the implementation of Multi-project Management  

In order to secure a successful implementation of Multi-project Management, you have to set-up 
a strategic project with clear phases and milestones. At the end of each phase there are well 

defined objectives and deliverables and there should be a freedom of decision, whether and how 
the next phase will be designed. Thus, there is at each step in the project the guarantee 
concerning transparency and a check point for the actual requirements of the company (cf. [7]). 

 

Figure 5: Process to Implement and Establish Multi-project Management 
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�  Results and Conclusion 

It is demonstrated that companies which apply project portfolio management gain higher profits 
from their project investments and secure through the controlling that their projects contribute a 
specific part to achieve the company targets. 

The essential benefit of project portfolio management is the creation of transparency in the 
choice of the optimal project mixture in connection to the contribution to the company targets 
and the strategic requirements. Furthermore synergies between projects will become transparent 
and are able to be used which lead to a higher productivity of used resources in most cases. The 
improvement of the project results (adherence to time and cost limits and results) through a 
consistent risk management and a prompt reporting can be achieved as well.  

Especially in the project intense energy branch project portfolio management is able to 
contribute a valuable contribution to achieve more effectively the strategic targets and the 
project targets. Thereby the following success factors should be considered:  

- Establish the topic in the top management level (e.g. establishment of the steering 
committee) 

- Implementation of a project portfolio management as an own project 
- A professional stakeholder management (integration of relevant stakeholders) 
- Internal communication suitable for the target group 
- Client specific and regarding the starting situation and objectives development of an 

appropriate solution 
- Realization of quick-wins to quickly prove the feasibility and the benefits of the targeted 

solution  
- Measurement of the sustainable success of the project portfolio management 
- Holistic balanced project portfolio management solution 

o Integrated project portfolio management processes in the existing business 
processes 

o Established project portfolio management organization 
o Qualified and motivated PMO team members 
o Efficient and “relieving” IT solution 

- Strong connection to the company strategy  
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Abstract: This paper deals with the design of a maritime and land-based 
communicationinfrastructure and its associated technologies.   In seafaring it is not possible to 
track precise and fine-grained real-time weather data while on water. The refresh period of 
weather data and the coverage of the already existing weather stations on seas are insufficient. 
In addition, for non-commercial seafaring vessels, there is little or no reliable information on 
depth for many regions. These issues can compromise security and safety in open waters. 

In this paper, the very high frequency (VHF) based AIS-technology will be described shortly. 
Based on this the concepts of our newly developed infrastructure will be introduced as an 
example of how real world problems are going to be solved in an IT-Project. The new 
infrastructure allows us to determine correct depth and real-time weather data, and to send these 
data to a land server for further processing. This is possible through the links between an on-
board server and the land-based server.  

 
1. Introduction 
 
There are various electronic devices aboard a ship that support navigation and security. At the 
same time, the number of different internet platforms is increasing. Mobility of devices, the 
worldwide access to the internet and many advanced server systems bring the capabilities for 
communicating and transporting data between vessels and land-based stations.  
A few companies identified these issues and developed internet-platforms to receive specific 
weather data for seafaring. However, to observe these data in real-time and without any internet 
connection is not possible. The company Oceansweather [1], which was founded 1977, offers 
an internet service for observing the worldwide maritime weather situation. The National 
Oceanic And Atmospheric Administration (NOAA) developed an additional web application [2] 
that lets the user analyze the weather situation in greater USA and its coastal areas. Finally, the 
company SVB GmbH [3] from Bremen developed the online platform Portmaps [4]. Hence, the 
user is able to check the worldwide weather on seas through a Google Maps layer.     
  
Latest weather information is essential in seafaring and has to be observed constantly. The 
weather situation in open waters can change immediately and lives are threatened in the worst-
case scenario. Accurate, reliable and current information about the weather on the course of a 
ship has to be accessible for seamen. Specific weather stations are installed on buoys that send 
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the latest weather data of their region to a server on land. The buoys coverage on sea is coarse 
grained; therefore the collected weather data is not precise enough.  
Also, existing online services deliver non real-time weather data. Therefore it is only possible 
for a skipper to check the weather before going out to sea. Moreover it is not possible to observe 
real-time weather data while in open waters. Finally, there exist no devices or chart plotters that 
are able to visualize the weather data. 
The depth data is another significant factor for the security in seafaring. This information is 
measured by the so-called water departments. A waterway is an area on a river or near coasts 
where commercial vessels can pass through because of the adequate depth of water. The depth 
of the waterways is measured by the water departments regularly. The boundary areas of the 
waterways are designated for non-commercial vessels, whereby the depth of these areas is not 
measured often and fine-grained by the water departments. As a further consequence non-
commercial vessels may not have any depth information in a specific region on sea.  
The low refresh-period of the depth data and the issue of missing information in relevant 
boundary areas reduce the security in seafaring.   
  
2. AIS-Technology  
 
The Automatic Identification System (AIS) is a widespread information system that should 
enhance the security and efficiency in seafaring through its extended information transfer [5]. It 
is a requirement for commercial vessels since 2004 [6]. The AIS is based on the very high 
frequency (VHF) maritime radio. The primary function of this technology is to improve 
navigation in open waters, avoid possible collisions of vessels and enhance the data and 
information transfer between vessels and AIS-capable objects.  
A vessel endowed with AIS sends continuous information through an AIS-transmitter about its 
own situation via the VHF maritime radio. This information includes for instance the current 
position, speed, navigation status, weather data or the name of the sending vessel. Other AIS-
capable objects that are close to the AIS-transmitter in a radius of 60 nautical miles can receive 
the transmitted data record [7]. Depending on the used Hard- and Software on board of the 
receiving ship, the received data can be monitored for example in a notebook. Therefore 
extended Information can be exchanged between ships, buoys and other AIS-capable objects 
like land-based AIS-stations.  
It is important to mention that this technology cannot replace the well-known Radar system [8] 
because AIS is only able to detect transmitting and active AIS-objects. However, the Radar 
system identifies inactive objects on seas like rocks or coastal regions [8].            
 
3. The Approach to develop the communicationinfrastructure  
 
The insufficient quality of the obtained weather and depth data and the consequent low security 
in seafaring was the key factor to create a communicationinfrastructure that enhances the 
security and navigation. Therefore in this IT-project we created a solution of a real-world 
problem.  
To identify the needs in this domain, the functional and technical requirements needed to be 
defined in the first phase of the project. Having a course-grained overview of the requirements, 
a functional specification document was created that defines concrete requirements to the 
system and gives legal security to the developers of what needs to be implemented for the 
client. Based on the requirements we designed the technical aspects of the 
communicationinfrastructure that needed to be implemented. Figure 1 illustrates the designed 
infrastructure and the participating ships and stations in an UML diagram.      
We came up with the solution of developing two components that result as the major 
components of the infrastructure. An on-board unit, installed and operating on a vessel, collects 
weather and depth data from sensors installed on the ship. The data is transported via the 
NMEA-protocol [9], so the board-server can receive the data through an NMEA-interface.  
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Once the on-board unit receives the weather data, it forwards the information via Ethernet to the 
AIS-Transmitter. Thereafter, the transmitter sends the collected and current weather information 
of the ships region to surrounding AIS-capable objects. Already existing AIS-land-based 
stations, which are based at coasts, belong to the AIS-capable objects and can also receive the 
transmitted data from seas. The receiving objects can then monitor the weather conditions of the 

sending vessel on a mobile device or laptop in real-time. If vessels are not in the surrounding of 
the sending object and are therefore unable to receive the data, there is another way of receiving 
this information through the second important component, the land-based server. This server 
receives the transmitted data from an AIS-land-based-station via HTTP and TCP-protocol. The 
AIS-land-based-station is located in the same region as the sending ship and received the 
weather data via AIS. Furthermore the land-based server forwards the weather data to another 
AIS-land-based-station that is in the same region as the vessel, which cannot receive data from 
other AIS-objects. The AIS-land-based-station sends the data finally to the distant AIS-object. 
In figure 1 the red colored components represent a vessel with no direct AIS-connection to other 
AIS-objects. In this manner the distant vessel is able to monitor real-time weather conditions of 
ships that are based in other geographical regions.  
Regarding the depth data, the on-board server saves the measured data during a ship journey 
until it can connect via Wi-Fi or GSM to the land-based server. Once the connection is 
established, the depth information and the corresponding GPS-data are sent to the land-based 
sever, which archives the measured data. The GPS-data is measured through a specific GPS-
sensor installed on the vessel. The green colored connections in figure 1 visualize the 
transportation path of the depth information. 
In addition, a web interface mediates the access to weather and depth information through a 
web-connection to the land-based server. Thus users can use mobile devices or any other 
internet-capable computer to check weather and depth conditions in specific regions.              
 
For the whole project-life-cycle including the implementation, we realized that agile project 
methods [10] i.e. scrum [11] need to be applied. In this way, additional changes of the 
requirements can be applied easier, work processes are more flexible and the team-members are 
able to learn new aspects of project management from the current project. 
    

Figure 1: The designed communicationinfrastructure 
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4. Results and Conclusion 
 
The existing and established technologies to measure weather and depth data are not sufficient 
to provide high security in seafaring. Weather data can be gained via specific internet platforms, 
however real-time weather conditions cannot be monitored offline. Also, there is little or no 
reliable information on depth for many regions on seas.  
 
Therefore we decided to expand a concept to enhance the security and navigation in open 
waters. We presented our designed communicationinfrastructure, which is based on the AIS-
technology and is composed of an on-board unit and a land-based server system. Through the 
resulting collaboration of the vessels and the AIS data transfer, real-time weather data can be 
observed. Through the collaboration with already existing AIS-land-based stations, the land-
based server system makes it possible to reach vessels in different geographical locations. 
Moreover every vessel operates as a weather station. As a consequence of this, the number of 
weather stations increased through the additional AIS-capable vessels. The interaction between 
the on-board unit and the land-based server provides a more fine-grained coverage of depth data 
for non-commercial vessels. The depth data can be accessed though a web service. Hence our 
infrastructure provides an improvement of security and navigation on seas.   
 
As an example of how real world problems are going to be solved in IT-projects, our newly 
designed communicationinfrastructure shows that the process of defining requirements has to be 
done in the first phase of the project. The resulting functional specification document is the 
fundament for designing the technical components of the new system. In addition, the entire 
project should be managed with agile project management methods, because of its flexibility 
and adaptability.  
Implementing and testing the on-board unit and the land-based server system is the current task 
of our research team.  
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Abstract: On  the  one  hand  the  “time  to  market”  becomes  more  important  for  the  development  
of hardware and software. On the other hand the complexity of the systems increases rapidly. 
Mentor Graphics Vista™ trying to speed up and simplify the development process of complex 
systems and offers an early assessment of performance and power consumption [4]. 

As a student project we implemented a Viterbi decoder with Vista™ to test the benefits of the 
software. The entire hardware for the decoder was written in SystemC Transaction-level 
modeling (TLM) method to validate its functionality. 
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1. A brief introduction to Hardware / Software Codesign 

Complex digital systems are getting bigger and bigger nowadays. A generic digital 
application can consist of thousands of single components, connected by on-chip-busses or 
wires. 

The inherent complexity provides plenty of room for misspecifications and errors of all 
kind. With continuous growth of digital applications, science began to search for new 
methods and processes, to simulate and design those. 

The defacto default for most of the time was a totally separated design of the different 
aspects of a digital application. This separation of the development of hard- and software 
lead to a great gap between both sides. The early partition of the system allowed no further 
replanning without a hard impact on both deadlines and costs of the product. Also, the 
integration-testing started at a very late point in the development process (cf. waterfall 
model). 

At this time, it could be critical for the completion of the project, if some 
interfacespecifications on hard- or software-side (or both sides) where misinterpreted or turn 
out to be simply wrong.  

To interfere with these approaches, the discipline of Hardware / Software Codesign 
(HW/SW-Codesign) as we know it today was born. 

The essence of this discipline is a new approach of designing the different components of 
the system. Instead of thinking about partition or specific details of the implementation, the 
whole application is implemented prototype-wise in software first, often under use of a 
specific DSL (Domain Specific Language) like SystemC.  

The implementation is strictly focused on modules that are connected through busses. 

This modular approach ensures, that the partitioning can be started in a very late state of the 
development.  cf. [1],[2] and [3] 
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2. Viterbi 
 
As an example project to work with Mentor Graphics Vista™, a Viterbi decoder [6] has 
been developed. The Viterbi algorithm is a widely used method in communication 
engineering for data transfers witch need an error correction. Especially during data 
transmission through the air like cellular radio or Wi-Fi, there are often disturbances that 
change the data. The Viterbi decoder consists of multiple parts which can implements both 
sides, in Hardware or Software. This is the reason, why this is a good example for showing 
the Hardware/Software Codesign concept in Mentor Graphics Vista™ 
 

 
Figure 1: Viterbi overview 

 

The entire system can be seen in Figure 1. It contains a Viterbi encoder, which encodes the 
transmitting data with a convolutional code. The coded data contains more bit than the 
original. 
 
After encoding, the encoded data will be sent with the corresponding method (e.g. radio) to 
the receiver. This transfer is often susceptible, so the receiver may receive wrong data. 
 
The receiver has to identify and correct errors, caused by noise, to decode the received data 
back to the original. These tasks are handled by the Viterbi decoder, developed in this 
project. The process of decoding is much more complex than that of the encoder. 
 
The Viterbi decoder analyzes the received data and decides whether the data can be right in 
this constellation. When differences are found, the probabilities of possible correct data are 
determined, and the output with the highest probability will be returned. 
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3. Digital System Design with Mentor Graphics Vista™ 
 

The software product Vista™ by Mentor Graphics provides several features in transaction 
level modeling (TLM) like system-level design. Vista™ is based on an electronic system 
level platform to design the architecture, analyze the verifications and provides virtual 
prototyping. Therefore it delivers technologies in TLM modeling, design assembly, 
debugging, design verification and performance analysis of the software functions and 
hardware design. [10] 

In order to develop a new digital system, Vista™ provides four different perspectives for 
the development. From the perspective as a system engineer the functions to collect and 
inspect requirements and identify the architecture are available. To implement the 
requirements in a component based way, the tool assists to secure the timings, resource 
requirements and concurrency. Vista™ supports for testing the validation and verification 
of design, based on the requirements. It is possible to test the connectivity and 
communication between multiple domains. Vista™ also helps to integrate the validated 
components to a final system. In detail you can test the functions, timings, connectivity and 
packaging of the whole system. [9] 

For hierarchical designs Vista™ includes a graphical block diagram for SystemC and 
TLM2.0. Vista™ allows to connect compiled models to each other. After saving a block 
diagram Vista™ generates the SystemC code automatically.  A unique capability allows 
users to maintain graphical and textual views synchronized and updated constantly. [10] 

 

Figure 2: Vista™ – SystemC coding 
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Figure 3: Vista™ – Waveform diagram 

 

For the development of the Viterbi Decoder in SystemC exists several alternatives. First of 
all the software Matlab from MathWorks in combination with Simulink, HDL Verifier, 
Embedded Coder and SystemC compiler. [7] Secondly the eclipse plugin Damos. This 
plugin provides similar functionalities as Matlab Simulink. It is possible to use graphical 
and textual editors to create a digital system. [8] The last option is to install the latest 
version of SystemC for compiling and GTKWave for your visual output. [11] 
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4. Designing the Viterbi Decoder  
 

The system engineering process begins with the drafting of a vision and scope document. 
This document describes the comprehensive conception of the project depending on the 
business targets. It contains the expectations of the customer, explicit project goals, 
constraints and features. The subsequent tasks are the requirement analysis and the system 
design, which are described in the following. 

 

 

Figure 4: system engineering process 

 

4.1 Requirement analysis 
 
The first step of the requirement analysis is the decomposition and the structuring of use 
cases. The use cases describe the behavior of the Viterbi decoder. Table 1 shows a few 
exemplary use cases. Based on the use cases the associated requirements are defined. 
Every requirement is given a priority which is shown in Table 2. In consideration of the 
requirements the test cases are determined. These are needed for validation and 
verification and can be seen in Table 3. At last the columns for the associations are 
completed. The associations for the requirement with identifier 1 are exemplary 
highlighted. 
 
During the process several disadvantages of using tables instead of a requirement 
analysis tool became obvious.  Functions like dynamic associations, traceability and a 
multi-user interface were needed. 
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Id Use Case Description Associated 
requirements 

Associated 
test 

1 Data input with one 
bit error 

Receiving data bits with one 
error 

1 1 

2 Data input with clock 
frequency of 5 MHz 

Receiving data from an encoder 
with a clock frequency of 5 MHz 

2 2, 3 

3 Data input as bytes Receiving data from an encoder 
as bytes 

3 4, 5 

Table 1 Use Cases 

 
Id Requirement Description Associated 

use case 
Associated 
test 

Priority 

1 Correction of one bit 
error 

Correcting data bits with 
one error by the decoder 

1 1 must 

2 Compatibility with 
different clock 
frequencies 

Receiving and decoding 
data with a clock 
frequency of 5 and 10 MHz 

2 2, 3 must 

3 Configuring number 
of input bits 

Changing number of input 
data between one byte and 
16 bit 

3 4, 5 can 

Table 2 Requirements 

 

Id Test Case Description Associated 
use case 

Associated 
requirement 

1 Data input with one 
bit error 

Testing if one bit error is corrected 
by the decoder 

1 1 

2 Data input with a 
clock frequency of 5 
MHz 

Testing if data input is correctly 
decoded by using an encoder with a 
clock frequency of 5 MHz 

2 2 

3 Data input with a 
clock frequency of 10 
MHz 

Testing if data input is correctly 
decoded by using an encoder with a 
clock frequency of 10 MHz 

2 2 

4 Data input as bytes Testing if data input is correctly 
decoded by using an encoder which 
is sending bytes 

3 3 

5 Data input as 16 bits Testing if data input is correctly 
decoded by using an encoder which 
is sending 16 bits 

3 3 

Table 3 Test Cases 
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4.2 System Design 
 
Before a decision about the target platform is made an implementation-independent 
description of the system has to be set up. The description contains a functional, 
structural and a time-dependent analysis of the Viterbi decoder. Figure 5 represents the 
functional view of the decoder. It shows the main functions hierarchically.  

 

Figure 5 Functional View 

In Figure 6 the structural view is shown. The single elements base on an 
implementation components of the decoder. According to this view a time-dependent 
view was created. By the use of these views a complex system can be designed through 
steps of refinement [5]. 

 

Figure 6 Structural View 

74



A supplementary way to specify the system is by using graphs. A data flow, control 
flow and sequence graph were drawn. The nodes represent the activities and the 
edges the dependencies. The data flow graph shows the data dependencies between 
operations. The control flow graph represents the logic of the decoder depending on 
the code. The sequence graph combines the two aforementioned graphs. [5] 

4.3 Morphological analysis 

After the implementation-independent specification of the system is completed a 
platform can be chosen. A morphological analysis was performed to compare 
different platforms after several criteria which can be seen in Table 4. This helps to 
go through all possible software and hardware solutions. [12] 

 

Table 4 Morphological analysis 
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5. Results and Conclusion 
 

This Paper describes the procedure of the Hardware and Software Codesign with the use of 
the Mentor Graphics Vista™ Tool chain using the example of the Viterbi-Decoder. 

Due to the ever increasing technology advancement and the consequently increasing 
complexity and variety of applications, it is necessary to use optimal design processes. The 
HW / SW-Codesign allow joint design of hardware and software, which generates different 
design alternatives that need to be analyzed and compared. It also allows a coordinated and 
systematic design flow, in which a lot of automated processes and computerized tools are 
used. In the classical methods, the hardware is usually built first and the software will be 
developed afterwards. But with HW / SW-Codesign a concurrent engineering of hardware 
and software components is possible. 

Based on the Viterbi decoder we were able to go through the design flow of HW / SW-
Codesign at one specific system step by step. During the requirements analysis, the 
specifications were chosen based on the Viterbi paper [6]. In the system design stage the 
Viterbi de- and encoder was described formally with the help of data flow, control flow and 
sequence graphs. In the next step the formal description was implemented by using 
SystemC. This already allowed the first tests of the Viterbi algorithm. Transaction-level 
platform prototypes were then modeled in Mentor Vista™. Finally a pure fictional decision 
about the suitable target platform was done with the morphological analysis. 

Even though the complexity of this sample project does not meet the complexity for which 
the HW / SW-Codesign is intended we could still benefit from the advantages of the design 
process. Especially without the implementation in SystemC and TLM Platform prototypes 
with Mentor Vista™, it would not have been possible to perform realistic test. Also an 
understanding could be obtained of the capabilities that HW / SW-Codesign can reduce the 
cost and time-to-market of a project [5]. 
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Abstract: Machine2machine communication is one of the major technology trends for the 
future internet and for information technology in general. It deals with the communication 
between machines via internet technology. Such intelligent technical systems are able to 
coordinate their work or to ask for maintenance automatically. The inherent computing power 
and communication capability of M2M systems opens new dimensions for the application of 
technology. Usually, the computing power is integrated into a technical system by adding a 
specific M2M device, e.g. a small computing and communication node. In future, the deep 
integration with the technical system is intended. This leads towards cyber physical systems 
(CPS). CPS connect the material physical world with the cyber space. CPS are expected to be 
an enabling technology for trends like smart grids, ambient assisted living (AAL), e-mobility 
and future production systems (the fourth phase of the industrial revolution – industry 4.0). 
M2M systems are not just monolithic and independent technical systems. They are deeply 
embedded into the application. The integration with other IT systems (e.g. ERP and PLM 
systems) and business processes form a so called digital ecosystem. This business information 
ecosystem is driven by an application specific information supply chain. Designing, maintaining 
and managing these complex information supply chains is a major trend for IT project 
management and IT systems engineering. This contribution structures the characteristics of such 
information supply chains and names the challenges that need to be addressed by IT project 
management. It is intended to set a starting point for the development of the respective 
processes, methodologies and tools by formulating research questions for further research in the 
project management domain.     
 
1. Introduction 
 
The evolution of information technology is one of the main trends of the past decades. It started 
from a few computers used by several expert users (mainframes), evolved over the personal 
computer (one fixed computing terminal used by one user) towards today’s mobile devices 
(laptop computers, smart phones, tablets). Due to the ever falling cost of computing power, the 
trend is expected to continue towards ubiquitious or pervasive computing where computing 
power is installed everywhere and only recognized by people indirectly. This trend is 
accompanied by the evolution of the internet which is the main technology for communication 
between computing devices and therefore between computer users. Since the introduction of 
IPv6 (the most recent version of the internet protocol) the internet is technically able to connect 
very high numbers of computing devices (~3.4 x 1034).   
 
Small communicating computing devices are the basis of some major technical innovation areas 
such as smart grids (intelligent energy networks), e-mobility (e.g. vehicle2grid communication, 
car2car communication), ambient assistant living (AAL, enabling homes to support their 
inhabitants by adding sensors and smart devices) and intelligent logistics and supply chains (e.g. 
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by using RFID – Radio Frequency Identification). These developments integrate computing 
power (and maybe some kind of intelligence) and communication capabilities into technical 
systems – into things. Therefore, the extension of the internet towards connecting things led to 
the term “Internet of Things – IoT” [3,5,6,8,17]. First, around 2000 the idea was limited to 
tagging things with an RFID-tag and making them traceable, e.g. in logistics, but soon (around 
2005) the idea was extended towards intelligent technical systems and towards being the major 
driving force for the development of the future internet [3].   
 

 
 
Fig. 1: History and Development of the Computing Domain  
 
The deep integration of computing and communication devices and of advanced IT into 
technical systems leads towards Cyber Physical Systems (CPS) [1]. Computer science concepts 
like self-organization and self-optimization can be integrated into technical systems creating so-
called intelligent technical systems. The combination with services in the virtual domain (e.g. 
cloud computing) forming a vertical integration and the provision of interaction technologies for 
the (human) users open the door towards new and innovative products and systems. A specific 
part of the Cyber Physical Systems is the communication and collaboration between the 
computing devices and hence between the “things”. This part is called the Machine2Machine 
(M2M) communication and describes mainly standards, platforms, protocols and methodologies 
to support this communication [7,13]. Due to the expectation of a very high number (billions, 
trillions) of communicating devices the market size and the impact for the industry is 
tremendous. Developing, building, maintaining and operating such M2M systems is therefore 
one of the major trends for IT project management in future. Especially in Germany, the 
emergence of Cyber Physical Production System (CPPS) is positioned as the driver for the 
fourth phase of the industrial revolution (Industry 4.0 [2]) leading towards the production of 
highly individual products in contrast to today’s mass production. 
 
The deep integration of computing and communication devices in Cyber Physical System (or 
the Internet of Things) creates important aspects apart from technical considerations. CPS have 
an impact on economic or socio-economic processes and systems. They are tightly connected to 
both the “real world” and the “cyber space”. A CPS cannot be designed or applied without 
considering the environment it is placed into. Understanding the holistic view of the application 
of IT systems, the term “Digital Ecosystem” emerged [5,10,12]. Especially the economic aspect 
with the consideration of the respective players and business models is addressed by the view of 
“Digital Business Ecosystems”. Apple’s approach for running the iPod, iPhone and iPad 
business is a prominent example for this approach [10]. From IT management point of view, 
such digital business ecosystems are based on information supply chains. The term 
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“Information Supply Chain” [11,16] describes, how information is produced, processed and 
used by a certain business process, a company, an organization or within a digital business 
ecosystem. Therefore, the information supply chain is what IT project management has to plan, 
manage and control in an M2M- or IoT-Project.  
 
2. M2M ecosystems 
 
M2M ecosystems are based on common building blocks, are using certain platforms and 
interfaces and communicate via certain protocols. Nevertheless, an M2M ecosystem is designed 
for a specific application (e.g. energy micro grids). Tailoring is therefore necessary to combine 
the right components and to adapt them to the specific needs.  
 
 
 

 
 
Fig. 2: IT System View of an IoT/M2M System 
 
The typical taxonomy of an M2M system defines certain components: 
 

• The M2M device is a computing device attached to a technical “thing”, e.g. a machine 
or a sensor. It can collect data, but it can also influence or control the technical system 
via actuators. 

• The M2M gateway is a communication device which connects the M2M device to the 
communication network. This is usually an internet based network. It can be a wireline 
or a wireless network (e.g. the UMTS network). Sometimes, the M2M gateway is 
considered to be part of the M2M device, e.g. there are semiconductor chips integrating 
both functions. 

• The M2M network connects the devices, usually via the Internet Protocol, forming the 
Internet of Things (IoT). It is part of the M2M network domain. 

• The M2M application layer offers IT services for data processing, e.g. deciding to call 
the maintenance service, if a M2M devices fails. This layer is considered to be a partly 
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integrated into the M2M middleware. An IT middleware is a collection of services that 
is forming the interface between the user (or the user application) and the technical 
system. Since it is processing the data (not only translating) it can be more or less 
complex.  

• Mobile devices or other internet based devices can be considered to be part of the M2M 
system. They are used as interfaces to the M2M system and therefore they are part of 
the overall ecosystem. 

• The M2M application layer is an abstraction of the IT systems dealing with the 
processing and control of the M2M data. Using the ecosystem view, the application 
layer is much more complex. Applications are basically all systems using the 
underlying M2M system. This can be the integration into ERP systems (e.g. for 
managing supply chains), into PLM systems (e.g. controlling production systems) or the 
connection to business intelligence and data mining tools. In this case, the M2M system 
is just the connection of the IT systems from the virtual domain (cyber space) with the 
“things” in the real world. The intelligent combination of IT systems like ERP or 
business intelligence with M2M systems is the core of the digital business ecosystem. 

• Another part of the digital business ecosystem is the operation and maintenance of the 
underlying IT infrastructure (e.g. server systems, backup systems, firewalls, 
communication networks). 

• Payment services are required to create a business model for the digital business 
ecosystem. 

• Security is a very important part. Since the Internet of Things is connected with the 
world wide internet, all security issues from this domain are entering the world of 
things. A solid security concept is part of all digital business ecosystems. 

• The development of valid business models is part of a digital business ecosystem, too. 
To create economic value is a major challenge in today’s internet businesses. For M2M 
ecosystems, this question is not really solved yet. The creation of a business model for a 
specific application case requires as much tailoring and adaptations as for the technical 
system. 

• Last but not least, technical systems like M2M systems have to be used by human 
beings. At some point, the question comes up where the human being fits in. In many 
cases, this is not just the user but a number of stakeholders (e.g. in renewable energy 
systems). Participation of users and stakeholders already during the development but 
definitively during the operation of a digital business ecosystem is crucial for the 
success.        

  
Connecting the components and stakeholders, defining the (business processes) amongst them 
and deriving the information flows between them (the respective information supply chain) is a 
systems engineering task. It requires a M2M systems engineering methodology and respective 
processes and tools.  
 
Therefore, one type of IT projects in the context of M2M ecosystems is the design (or 
engineering) of such M2M systems. It seems to be straightforward to take the learning from 
software development projects (e.g. software engineering methodology) into account and to run 
such IT projects in a similar way. Furthermore, a lot of experience from systems engineering 
projects exist [18,19].    
 
The second type of related IT projects in the context of M2M ecosystems is about the 
adaptation, installation, roll-out and operation of such a system. It is more similar to “classical” 
IT projects with aspects of business process reengineering [20]. With this kind of projects, 
people from business administration and business computing feel much more comfortable. The 
huge body of knowledge on IT project management deals mainly with such projects.  
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One of the most prominent use cases for a digital business ecosystem based on M2M 
communication are energy micro grids. Such micro grids (or smart grids) are expected to be the 
technical back bone of de-central renewable energy systems. Using a de-central micro grid has 
several advantages over traditional national grids. It is expected to form a more stable overall 
energy system since complexity is reduced and a failing micro grid does not necessarily harm 
other micro grids. The value chain remains local instead of draining money out of the region. 
The involvement of many players both as consumer and producers (a so-called prosumer [21]) 
is an instrument for stakeholder participation and for changing the socio-economic environment. 
Renewable energy is generated in smaller facilities and require de-central approaches.      
 
 

 
 
 
Fig 3: Example of an IoT/M2M Ecosystem: Micro Grid Setup for De-central Energy Systems 
 
For a digital business ecosystem a micro grid forms a typical application case. The production 
and consumption of the energy has to be balanced permanently. This requires constant 
communication between producers and consumers and control of a big number of de-central 
technical systems. Mobile systems like e-cars can be used to store energy or to consume energy. 
Users in households want to optimize their energy usage. Maintenance needs to be organized, 
ideally as predictive maintenance (fixing a part before it fails). All these tasks can be managed 
by using IT services and a M2M system. To create a business case, both the energy and the 
services need to be charged to the user. Payment services are an IT service, too.  
 
Apart from technical control, more sophisticated services can emerge, e.g. several operators of 
wind mills combine their purchase power to get better prices for maintenance services. The 
maintenance service provider on the other hand can optimize the service tour of his staff by 
using M2M data. In such a digital ecosystem, the computing power and communication 
capability helps to create an added value.          
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3. Information Supply Chain 
 
From information processing point of view, the flow of information through the layers of the 
M2M systems forms an information supply chain [11,16]. Similar to a logistics supply chain, 
the information supply chain has to make information available to the right users at the right 
time and at the right place. Managing information supply chains (ISCs) is pretty similar to 
supply chain management (SCM) for logistics. Therefore, many concepts (e.g. process 
modeling) are state of the art. Nevertheless, an information supply chain (ISC) is an IT system 
and it is intended to work fully automized with very limited human interaction (only 
maintenance and end user layer). The challenge is to integrate various IT systems, services and 
applications (probably from various IT suppliers). Interfaces and interaction amongst the 
components have to be defined. The hardware platforms need to be able to support the IT 
systems. The overall system has to be reliable and offer the required performance. Further big 
IT topics like IT security, payment services, IT maintenance and control need to be addressed 
when designing the information supply chain (ISC) for a specific use case.    
 
!

!
Fig. 4: Information Supply Chain of an IoT/M2M System 
!
Information supply chains deal with the capture and delivery of information (data). For M2M 
systems, information is captured by sensors. In addition, it can be delivered to actuators. Both 
are part of the M2M device, meaning the starting point and the end point of the information 
supply chain can be the same for some information. 
 
Communication within an M2M information supply chain is an important topic, too. M2M 
systems are usually distributed over various locations (e.g. factory facilities, a renewable energy 
region, a house). Communication has to use complex networks, e.g. a mobile phone operator 
network. In case of an Internet-of-Things (IoT) System, the internet protocol is used with all the 
underlying complexity and issues (e.g. security) of the internet. 
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Information processing in M2M systems is done by using middleware systems. Middleware is 
controlling both the maintenance (e.g. adding or removing M2M devices) and operation 
(gathering data, reacting to data) of the system. For middleware software, standard platforms 
and protocols are used. There are ongoing research and development activities targeting a 
standardized set of platforms and protocols for the Internet-of-Things (IoT) in general and M2M 
in particular [8]. Nevertheless, for an application specific M2M system, the platforms and 
protocols have to be tailored to the use case and adapted. Tailoring is important in both M2M 
systems engineering projects and M2M IT projects. 
 
 

 
 
Fig. 5: Players/Value Chain of an IoT/M2M System 
 
Based on the M2M middleware, the end user applications are operated. In many cases, these 
applications are enterprise resource planning (ERP) tools or business intelligence applications. 
They are applications from the domain of classical business IT. Both the middleware and the 
end user applications are operated on PC or server systems. Apart from interfacing with M2M 
devices, they serve PC applications, web applications and applications on mobile devices (e.g. 
smart phones, tablets). 
 
Designing an operating an M2M information supply chain (ISC) is driven by the typical two 
main criteria of IT management: 
 

• The information supply chain has to be designed, tailored and adapted in a way that 
supports the end user intended benefit. It has to achieve the defined results. Meaning, it 
has to be effective. 

 
• The information supply chain has to achieve the intended benefit by using as few 

resources (e.g. time, money, energy) as possible. Meaning, it has to do the job 
efficiently. 

 
Furthermore, the operation has to fulfill the expectations towards effectivity and efficiency 
designed into the information supply chain. Both targets have to be considered when shaping 
the M2M information supply chain to its needs.  
 
Apart from finding a proper technical solution for the information supply chain, this has to 
involve an analysis and optimization of the respective value chain. Along the information 
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supply chain, various players (see Fig. 5) are doing business, creating added value for the end 
customer and charge money. Since M2M information supply chains are not a standard product 
but a tailored and adapted application specific product (or at least an application specific 
standard product – ASSP) there is no player providing complete off-the-shelf systems. Usually, 
there are companies covering only one (or at least only a few) roles in the value chain. 
Nevertheless, the business cases have to work for each player. Designing an optimized business 
process along the value chain is still a major topic for M2M systems.     
  
4. Major Challenges and Problem Characteristics 
 
The definition of a IT project management methodology for M2M projects needs to be based on 
the main characteristics of the respective project domain. 
 
First, it has to consider two pretty different types of projects: 
 

a) M2M systems engineering projects which develop the technical system according to the 
needs of the use case. This is comparable to software engineering projects. 

b) IT projects which tailor, adapt, roll-out and operate M2M systems. This is comparable 
to classical IT project management. 

 
Second, three major streams of a M2M project need to be managed in parallel and – even more 
important – have to be synchronized and connected: 
 

a) The technical project which is designing, tailoring and operating the respective 
information supply chain.  

b) The business project which is creating and running the value chain for the use case. 
c) A change project which is considering impact on the socio-economic environment and 

dealing with the internal and external stakeholders. 
 
Understanding this classification into different views on the same project (usually, a M2M 
project will contain all aspects) the main characteristics differentiating M2M projects from other 
IT projects can be described: 
 

• M2M/IoT systems and the respective digital business ecosystems are inherently de-
central. Due to the complexity (number of devices, number of players, diversity of 
devices/players, inherent dynamics) a central or hierarchical approach to handle them is 
likely to fail. The systems and accordingly the projects have to be based on a process 
oriented organization paradigm or (better) on a networked (peer-to-peer) approach. 
Hierarchy based organizations are likely to create digital business ecosystems lacking 
the flexibility to re-act to changes.  

 
• Setting up the required information supply chains and value chains results in a vertical 

integration of components, services, business models and players. This leads to a 
cross-domain collaboration. The issue of a common language versus domain specific 
languages arises for both the technical and human players. This area has to be 
understood and to be addressed by project management. Otherwise, the complexity is 
not manageable. 

 
• The high number of stakeholders and the impact of digital business ecosystems on the 

socio-economic environment (in addition to the technical environment) carry specific 
challenges for project management. The change management character of the project 
needs to be addressed. This requires stakeholder participation. For the acceptance of 
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the M2M system it is crucial to think about stakeholder participation. Elderly people 
will have issue to accept a smart home deciding about their daily life. A renewable 
energy micro grid will not be accepted by people if it only for the benefit of a multi-
national energy provider. A solution for stakeholder participation in M2M/IoT systems 
can be the integration with the social web approaches. An example can be the setup of a 
“thingbook” where profiles of things can interact with both the human user and the 
machine. People can influence the M2M/IoT system e.g. by forming groups or by 
connecting things according to their “likes”. 

 
• Tailoring of standardized solutions and protocols to the application specific needs is a 

promising approach for M2M/IoT systems. Tailoring means both: cutting out 
unnecessary parts to reduce complexity and adapt per-defined parts to fit to the use 
case. But apart from tailoring the technical solution (the information supply chain) 
tailoring needs to be considered for the value chain and for the project management 
methodology, too. To run all M2M/IoT projects with one project management 
methodology will make them heavy. To allow the flexibility and speed required in this 
IT domain, lean project management is mandatory. Meaning, processes and methods 
need to be tailored to the individual project.         

 
• The value chain for M2M/IoT systems contains various challenges. One major issue is 

that the main business model for internet business does not really work for M2M. Most 
internet businesses are to some extend based on advertising. Machines don’t re-act to 
advertising. Therefore, it may be difficult to design a digital business ecosystem in the 
M2M area based on the well know internet business models. Since end-user customers 
are trained to not paying for IT services in the internet, new ways for creating a value 
chain need to be defined.  

 
• One main risk and obstacle for digital business ecosystems connected to the internet are 

security issues. Especially for M2M this is not yet solved. Machines were designed 
with respect to safety in the past. Security was never an issue since the machine was 
installed in closed workshops and was only open to expert users. Access and control via 
the internet are new. The stuxnet attack showed which threads are involved with 
attaching the things to the internet.  

 
These bullet points are not intended to be complete but to serve as a starting point for thing 
about how an IT project management approach for M2M/IoT systems may look like. 
 
5. Research Questions and Conclusion 
 
The considerations explained in this contribution lead to research questions for future research 
on project management methodology and information supply chain management for M2M/IoT 
systems. This contributes to the main research question: How to set up and how to manage a 
digital business ecosystem in the era of the Internet of Things? Project management research 
can contribute to solutions for this question by answering specific research questions in this 
context: 
 

1) What type of IT projects do we deal with in the era of the Internet of Things? What is a 
proper taxonomy? What is different/similar to known IT projects? 

 
2) What can IT project management re-use from known information supply chain 

management methodology? Does the information supply chain approach fit for 
M2M/IoT systems?  
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3) What does the abstraction as a digital business ecosystem mean for IT projects in the 

M2M/IoT domain? Does this help to integrate the technical view, the business view and 
the change management view on such projects? 

 
4) What are the stakeholders in such projects? How do they contribute to the value chain? 

What are their motivations and interests in such projects? Are there valid business 
models for the major players within the value chain? 

 
5) Can systems engineering methodology or software engineering methodology be used to 

design and develop tailored M2M/IoT systems? How much domain specific knowledge 
is required to run such IT projects? 

 
6) How can effectivity and efficiency be controlled and optimized in M2M/IoT systems? 

What are valid key performance indicators (KPIs)? What are the dependencies amongst 
them? How can the M2M information supply chain be tailored and shaped based on 
these KPIs?     

 
The list of questions is not complete nor validated. Each question can be a research topic on its 
own but the questions are/may be dependent on each other. The conclusion from this 
contribution may be to start to find out about this.   
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Extended Abstract: The   importance   of   ICT   in   supporting   citizens’   involvement   in   various  
policy development processes is becoming extremely important. ICT provides variety of tools 
and techniques enabling active involvement in of citizens. 
Current paper explores involvement of students in pilot actions of EC supported WAVE 
initiative. Project WAVE aims to improve the inclusiveness and transparency of EU decision 
making at the national and European level by employing an Argument Visualization tool 
(namely Debategraph) in order to make the impact of complex EU environmental legislation on 
climate change more accessible and easy to understand for citizens, special interest groups and 
decision makers alike. 
The WAVE platform and Debategraph tool were localized and piloted through two stages in 
three countries – France, Lithuania and United Kingdom. The piloting team tested various 
techniques engaging users and pilot results allowed identify key aspects of argument 
visualization tools deployment. 
The most successful piloting pf WAVE platform was performed in Lithuania. Closed user group 
pilot was aiming to verify users understanding and acceptance of WAVE platform in order to 
improve it preparing for large scale pilot. 
Open user group was aiming to deploy WAVE portal at large and attract at least 2000 user for 
the discussion. The open pilot (www.wave-diskusijos.lt)was jointly launched on the 22nd of 
April 2010 following the consortium decision to start open pilot phase on the International Earth 
Day. 
The set of various users attracting and engagement tactics was used to achieve pilot targets such 
as face to face meetings with industry representatives, NGOs, activist and policy makers; press 
releases, feedback reports, reminding emails; AdWords campaign; Facebook campaigns on 
related topics pages; cooperation with local news portals. 
Students  were  involved  in  various  activities  in  both  closed  and  open  groups’  pilot  stages  during  
pilot implementation in Lithuania. 
The results of successful piloting in Lithuania describing pilot structure and student 
involvement actions will be discussed in this paper. 
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Abstract: Due to the Bologna process, higher education institutions have to offer competence-based 
courses. Changing the curricula to meet this expectation has been done in Hungarian higher education 
institutions, however, the evaluation of the success of this process is missing yet. In our research, we 
intend to measure the process and the outcomes of trainings (experience-based courses) offered at an 
economic and business administration faculty of a Hungarian university. For this, we adopt a complex 
approach, defining competence development outcomes as the technical quality of the service, while 
students’ evaluations of the delivery of these new types of courses as the functional quality of the 
service. 
 
1. Introduction 
 
As a result of the implementation of the Bologna process,!a competence-based approach of education 
has appeared and modules of skill development has been introduced in higher education. Institutions 
thus has to face a difficult challenge of promoting and assessing the development of competences [1]. 
In addition, in a competitive higher education environment institutions, department and course 
managers consider service quality a highly important issue. In this sector, it may have long term 
effects for both the student and the institution, as it may influence student recommendations as well as 
their future monetary support [2]. Another reason for the interest in service quality is that university 
quality assurance systems emphasize student experience as one of the assessment criteria [3]. 
These processes have led us to devise a research planned for the long-run about the outcomes of 
putting competence and skill development into practice. An important methodological issue in this 
field is how to measure competence and skill development. In addition, the questions of how students 
accept the new methods of teaching (experience-based, small-group trainings) and of what their 
opinions are about this have arisen. Another question we intend to answer is how this new method fits 
in with the educational culture of the faculty in which it was implemented. Also, after a period of 
offering and conducting our training courses, we had to formulate a further question: what are those 
competences that can be developed at all in a fulltime education. 
 
2. Technical and functional quality of trainings offered in higher education 
 
The questions presented above have led us to think about higher education outcomes complexly, 
realising the difficulties of evaluating the quality of services evidently applies here. The quality of the 
service (in our case, university courses of training) has different meanings for different people; for 
service providers (in our case, the institution and the lecturers or instructors of the trainings 
themselves) and for customers (in our case, the students). 
As providers and customers have different knowledge and often there is an information asymmetry 
between them, we may differentiate between technical and functional quality. Technical quality relates 
to what has been provided during the service process, while functional quality relates to how the 
service was provided [4]. In our consideration, this approach can certainly be applied in higher 
education. Technical quality refers to what competences are addressed during a training or other 
university course and the efficiency to achieve the development of these competences. Functional 
quality, on the other hand, refers to how these competences are developed: it is the environment, the 
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instructor, the method of teaching and student experiences: the process of the training which is 
important. We suppose that students’ perceived quality of the service is affected by functional quality, 
while technical quality is related to the longer-term value of their knowledge and skills, often 
evaluated at the labour market, years after graduation. 
In our research project, we intend to address both technical quality (competence development) and 
functional quality (students evaluations about the delivery of the courses). 
 
2.1. Competences and their development 
 
Spencer and Spencer’s iceberg model plays a central role in defining the notion of competence – this 
is  the approach we accept during our research. Competences may be divided into competency levels; 
therefore, competences may be motivation, traits, self-concept, skill or knowledge. According to the 
iceberg model, skills and knowledge are the more visible parts of personality, while self-concept, traits 
and motivation are a lot more hidden characteristics in the core of personality [5]. We may also define 
the function of a competence as is transforms knowledge into action creating a bridge between 
knowing and realising something [5]. 
The other model we used in our research is the self - efficacy model of Albert Bandura. According to 
his theory, each individual has a kind of outcome and efficacy expectation based on how that person 
estimates his/her own abilities to act.  “An efficacy expectation is the conviction that one can 
successfully execute the behaviour required to produce the outcomes” [6, p.193]. The social-cognitive 
theory of Bandura emphasises the role of environment, and in his opinion efficacy expectations can be 
developed by social learning. Efficacy expectations are based on four important sources of 
information: „performance accomplishments, vicarious experience, verbal persuasion, and 
physiological states.” [6, p. 195.] Performance accomplishment is an especially important source of 
efficacy information, because it comes from successful mastery experiences.  Vicarious experiences 
derive from seeing others perform. Verbal persuasion alone has limitations as a means of increasing of 
personal efficacy, „people who are socially persuaded that they possess the capabilities to master 
difficult situations and are provided with provisional aids for effective actions are likely to mobilize 
greater effort than those who receive only the performance aids” [6, p. 198.]. Physiological states, 
namely emotional arousal is a source of information that affects self-efficacy in coping with 
threatening situations and in reducing avoidance behaviour. Institutes of education and their training 
programs form students‘ perceived competences by shaping the environmental characteristics of 
learning. 
 
2.2. Perceived quality 
 
Conceptualizing and measuring service quality has been in the forefront of services marketing 
research, as providing quality service is essential for success in a competitive environment [7]. 
Nevertheless, service quality is a highly elusive construct, due to features of services such as 
intangibility, inseparability of production and consumption, heterogeneity and perishability [8]. We 
must differentiate between perceived quality and satisfaction: while the former is frequently 
considered to be an overall evaluation of the service, the latter is a transaction-specific and short-term 
attitude [9]. 
The work of Parasuraman et al [10] has been highly influential in the measurement of perceives 
service quality in a wide variety of services. They have captured service quality as a gap between the 
expectation and perceptions of customers and developed SERVQUAL, a 2*22-item instrument for 
measuring these. According to them, perceived service quality is a construct of five dimensions: 

• tangibles (containing physical facilities and equipment , as well as the appearance of 
personnel); 

• reliability (the ability to provide the promised service accurately); 
• responsiveness (willingness to help customers); 
• assurance (the courtesy and ability of employees to inspire trust and confidence); 
• empathy (caring and individualized attention provided to customers). 

However, defining service quality as a gap between expectations and perceptions has received 
considerable criticism. SERVPERF [11] maintains measuring the above five dimensions, but focuses 
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on perceived performance, neglecting expectations. Many authors agree that consumers’ assessment of 
continuously provided services depend solely on performance, confirming that SERVPERF results are 
more reliable, and provide greater explained variance than SERVQUAL [12]. Measuring not only 
perception but also expectations provide more information for a exploratory research, though. It is not 
surprising therefore that there has been research using both SERVQUAL and SERVPERF in a higher 
education setting (see e.g. [3] [12] [13]). 
 
3. Research methodology and early results 
 
Due to the novelty of our research topic and the lack of previous examples, our research methods were 
improved continuously during the past few years. In 2011, we conducted focus group interviews with 
students and measured their level of satisfaction with the training courses. The only relevant result of 
these interviews showed us that students are satisfied with these courses. 
In 2012, we conducted a quantitative research: we compiled lists of competences for each training 
course, based on special literature. We used these lists to measure students’ own perceived 
competencies before and after trainings. We also measured changes in students’ self-efficacy with an 
R. Schwarzer test containing 10 items, and sense of coherence with a 13-item version of Antonovsky’s 
scale [14]. After cleaning the data and putting pre- and post- questionnaires of the same respondents in 
pairs, fifty students remained in the sample: 19 males and 31 females.  
In the 2012 questionnaire study, we had two important results. We measured positive changes on our 
competence scales, but many of the items were concepts with which the students encountered at the 
training courses for the first time. So, we decided to modify the lists to measure more common, easy-
to-understand competencies in the next year. Our second conclusion is related to the R. Schwarzer and 
to Antonovsky’s test. The result of the self-efficacy scale showed significantly raised points due to the 
training in the pos-test compared to the pre-test. This is expected because self-efficacy should be 
higher after a successful training. Sense of coherence scale measures a more stable view of life what 
didn’t change after few days of training. We don’t believe our trainings will change participants’ life 
like a magic wand, but if they reach a higher self-efficacy level and gather some competences, they 
may change more on the long run. 
In 2013, we have started to use more simple competence lists and we ask narratives about the 
trainings’ specific topics before and after them. We intend to search for differences in the participants’ 
problem-solving skills in training theme related situations. We measure changes in competences 
(technical quality) one week after trainings. 
This year, we intended to measure functional quality as well. We have developed a SERVQUAL tool 
(that may be called EDUQUAL) and used it to capture the course-level perceived quality of the 
courses – to measure students’ perceptions about trainings and non-training courses. We have adapted 
the SERVQUAL approach due to its ability to generate information on not only the evaluations of the 
actual service, but also about the expectations of students. Compared to the original scale, we have 
devised a significantly modified version of it, as higher education courses differ significantly from 
those types of services that were originally measured by the model. Nonetheless, we have managed to 
preserve the content of the five original dimensions, and have formulated 24 statements to be 
evaluated on a 5-point Likert scale. In addition, we used 4 items for measuring student satisfaction, 
including a question about the overall satisfaction of the course. 
 
4. Results 
For training evaluations, our sample consists of 156 respondents (of which 41,7%  are males and 
58,3% are females), divided among 3 types of trainings. For SERVQUAL evaluations, our sample 
consists of 181 respondents (of which 36,5% are males and and 63,5% are females) for the 
SERVQUAL questionnaire which was divided among 4 teachers and 12 courses. 
Our results about competence changes show that for all trainings, statistically significant (p≤0.05) 
improvements can be captures for several competences (Table 1). We found a gender effect: female 
students have a 0,2 point higher average self-evaluation both before and after trainings than male 
students (a significant difference in both cases), but the rate of improvement  itself is not different for 
genders. 
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Table 1: Competences with significant improvement 

Training Competence 

Mean of 
self-

evaluations 
before 

training 

Mean of 
self-

evaluations 
after 

training 
Team-building Knowledge of the process of team formation 3,00 3,85 

Knowledge of important team roles 3,32 4,10 
Accepting other people 4,05 4,33 
Being firm 3,69 3,97 
Solving tasks in teams 3,97 4,41 
Expressing emotions in front of others 3,00 3,44 
Arguing for your own opinion in front of others 3,67 4,08 
Talking about yourself in front of others 3,15 3,54 

Conflict 
management 

Giving feedback to others 3,58 4,17 
Searching for solutions optimal for everyone 3,73 4,17 
Knowledge of conflict management types 2,15 3,78 
Being calm in a stressful situation 2,78 3,48 
Conducting  conflict conversations with a focus on solution 3,76 4,04 
Starting conflict conversations 3,13 3,96 

Communication Building relationships with other people 3,52 3,86 
Making connection with others 3,73 4,11 
Recognising different aspects 3,55 4,08 

Note: Numbers show the average of respondents’ self-evaluations of the given competence on a 5-
point scale, where 5 is the best evaluation. The differences between before- and after-evaluations are 

statistically significant (p≤0.05). 
Source: Own construction 

 
In order to validate our adapted SERVQUAL instrument (EDUQUAL) and to identify dimensions, a 
factor analysis was carried out to validate the gap scores (perceptions minus expectations for each 
items). A principal component method and VARIMAX rotation were used. The factors we identified 
were able to explain approximately 65% of the total variance, which is a good result compared to other 
ones in this specific field. 
The factors identified are the following: 
- Cooperation, refering to the atmosphere of the classes and the level of partnership in the 

relationship between the lecturer and the students. 
- Reliability of teaching method, which refers to the way knowledge is trasferred and whether the 

lecturer takes the students’s needs into consideration. 
- Assurance and punctuality which refers to an accuracy of the administrative and professional sides 

of the teaching process. 
- Empathy, refering to meeting students’ needs. 
- Tangibles, refering to the physican environment as well as the appearance of the lecturer. 
When calculating the gaps between the perceptions and expectation of students (means of evaluations, 
Figure 1 and 2), we found that there were only marginal gaps, and these were positive at most of the 
cases, indicating a good quality of service delivery. Ahe results also show that both expectations and 
perceptions get high ratings. The lowest (compared to the other factors) expectations and evaluations 
belong to the dimension of tangibles, while other dimensions seem to be equally important. 
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Figure 1: EDUQUAL gaps for trainings 

 
Source: Own construction 

 
Figure 2: EDUQUAL gaps for non-trainings 

 
Source: Own construction 

 
Our results also showed that there were significant, but moderate correlations between most of the 
factors and overall satisfaction (Table 2). The exception was the factor of Empathy, which seems to be 
a little bit problematic – this was the most difficult to give a name to, too. For future research, it will 
worth consider modifications in the scale. 
 

Table 2: Correlations between perceived quality factors and satisfaction 

Factors Correlation with 
overall satisfaction 

Cooperation 0,464** 
Reliability of teaching method 0,475** 
Assurance and punctuality 0,473** 
Empathy 0,134 
Tangibles 0,364** 

Note: ** Correlation is significant at the 0.01 level (2-tailed). 
Source: Own construction 
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5. Conclusion 
 
It is not evident how to measure a higher education institution’s course-level service quality. With the 
intention to grab both technical and functional quality, we developed a methodology consisting of 
measuring the development of competences, as well as student experiences of the process. Our 
preliminary results show that competence lists of a specific training should carefully be created, as 
students lack understanding many concepts that are considered to be important in the specific 
literature. Our research thus continued with modified competence lists, measured before and after 
trainings to grab changes, and with an adopted version of the SERVQUAL scale. Both methods 
resulted in well-interpretable results, showing that trainings enable students to improve their 
competences and also that our scale for measuring the quality of the service delivery process 
(EDUQUAL) is valid and shows a good functional quality of our courses. 
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Abstract: Responsibility and sustainability in projects were shaped by general standards like 
ISO 26000 [1] on social responsibility or by an extended stakeholder management as described 
in the 5th edition of PMBOK® [2] of PMI® or in ISO 21500 [3] derived from PMBOK®. The 
new standard ISO 20151 [4] on sustainable event management and recent initiatives of the 
International Institute of Sustainability Project Management – IISPM – [5] and others like [6], 
[8] try a full integration of responsibility and sustainability in project management and open 
new perspectives for the future. 
 
1. Roots and Classical Standards 
 
Sustainability and responsibility shape human life and are strengthened by the definition of 
human rights, by the Global Compact and further strategies. Core issues are: 
 

• Balance and integration of the social, economic and environmental components of a 
community 

• Meet the needs of existing and future generations 
• Respect the needs of other communities in the wider region or internationally to make 

their communities sustainable. 

ISO 26000 on social responsibilty is a lighthouse on sustainbility and responsibility for all 
areas. With the growing importance of projects and project management these issues become 
more and more important in this area. Tracks on responsibility and sustainability in project 
management are visible in recent standards. ISO 21500 had been derived from PMBOK® of 
PMI and introduced a new knowledge area on stakeholder management – even before this 
knowledge area had been defined in the 5th edition of PMBOK®. A stronger focus on 
stakeholders supports responsibility and sustainability. Corporate social responsibility is by 
definition is a multi-stakeholder concept.  
 
2. New Standards 
 
ISO 20151 on sustainable event management was derived from the project management 
experience of the Olympic Games in London. This standard is a prototype for the integration of 
responsibility and sustainability in project management standards in the future and in further 
areas. 
 
A new similar approach on a full integration of responsibility and sustainbility in projects is 
offered by the International Institute of Sustainability Project Management – IISPM – [5]: 
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“Key Components of the sustainability management processes: 
 

• Model of sustainability management processes across the project lifecycle 
• Responsibilities and commitments reflecting the organization’s definition of and 

commitment to sustainability efforts 
• Use of a Sustainability Breakdown Structure 
• Definitions of sustainability risk probability and impact along with related scales 

and metrics 
• Stakeholders’ tolerances related to sustainability risk” [5] 

 
In the book on Social BPM [8] business processes are reshaped to integrate responsibility and 
sustainability. 
 
3. Full Integration of Responsibility and Sustainability in the Future 
 
The full integration of responsibility and sustainability in all knowledge areas and core 
processes in project management is necessary and extends the horizon as shown in the figures 
below. 

 
Figure 1: Project Management – Sustainable Project Management 

 
 

 
Figure 2: Horizon and Scope of Sustainable Project Management 

 
There are further contributions for selected knowledge areas like [10]. The integration of 
responsibility and sustainability is also an issue of lean project management [9]. 
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How can a socially responsible and sustainable university be created?  
Before answering the question of how a university can be organized in a socially responsible 
and sustainable manner, I will first attempt to answer the probably more urging question why a 
university should be turned into a socially responsible and sustainable organization. 
Let me first present a definition of "sustainable" which I can agree with.: Sustainability is the 
ultimate goal or destination. Exactly what defines the state of being, of what is sustainable 
(whether it be a society, logging, fishing etc), is informed by science but ultimately depends on 
personal values and world views. 
To achieve a state of environmental sustainability, a framework or process is needed. Certain 
conditions have to be met and steps in the process toward ‘sustainability’ have to be made. The 
framework of sustainable development is the means for achieving sustainability.  
So, in brief, “sustainability” refers to the goal and “sustainable development” is the path or 
framework to achieve it. As with the term “sustainability”, what is considered as a necessary 
path and time frame will vary amongst individuals [1]$. 
The discussion about social responsibility and sustainability for universities is driven by several 
major trends and developments: 
Within the Bologna process aiming at harmonizing and unifying the academic landscape the 
goal of employability has been defined [2]. The focus on employability is discussed with respect 
to the consequences for a sustainable development of universities. Topics like 
commercialization of education and outsourcing of the evaluation of study programs cause 
increasing criticism. 
The Bologna process didn’t put enough emphasis on cross-sectoral tasks. Topics like "reducing 
gender and social inequalities" were included only step by step. Preventive health care was not 
considered yet despite being suggested several times [3].     
The topic of sustainability was promoted by the representatives of the Copernicus Network for 
Sustainable Universities. It was given new thrust by the Rio follow-up conference during which 
the decade of sustainable education was proclaimed. In several conferences of UNESCO, the 
crucial role of universities for the education of future generations was highlighted as well. 
Regarding the issue of sustainability, alliances even extend into UN organizations. 
Meanwhile four international organizations with a strong commitment to making sustainability 
a major focus of higher education have formed the Global Higher Education for Sustainability 
Partnership (GHESP). The four founding partners of the initiative – the International 
Association of Universities, the University Leaders for a Sustainable Future, Copernicus 
Campus and UNESCO – combine forces in a unique effort to mobilize universities and higher 
education institutions to support sustainable development in response to Chapter 36 of Agenda 
21.  
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A discussion about the importance of ethics for universities has emerged. In his book 
“Academic Ethics”, Neil Hamilton observes that most doctoral programs fail to teach students 
about academic ethics so that knowledge in this field is eroding. Lack of emphasis on ethics in 
graduate programs leads to skepticism about the necessity of learning about ethics and about 
how to teach it. For these reasons academics generally do not seriously consider how ethics 
education might be creatively revived. In reaction to the Enron corporate scandal, for instance, 
some business schools have tacked an ethics courses to an otherwise ethically vacuous M.B.A. 
program. While  a step in the right direction, a single course in a program otherwise uninformed 
by ethics will do little to change the program’s culture, and may even engender cynicism among 
students [4]. 

A new understanding of progress and innovation in science has emerged. The North-Rhine-
Westphalia Ministry of Science and Technology is promoting a holistic view on academic 
research. The focus is on the “great challenges of our society” rather than on simple product 
innovations. Universities are expected to contribute solutions to these challenges.    

Based on these developments, the question if a university considers itself socially responsible 
and refuses to bow to stakeholder interests or subordinate all activities to the care for their 
students' EMPLOYABILITY has to be discussed. I agree with Dirk Mossmeyer's statement who 
says, "Using the metaphor of the university as a cultural space, we consequently vest it with 
authority to influence and form this cultural space in a way that goes far beyond the setting of a 
curriculum, teaching methods and examination profiles.” [5]$ Mossmeyer has published an 
variety of research contributions about ethical education at universities, particularly for business 
studies.  

“Universities have long been agents of change – catalysts for social and political action as well 
as centers of learning. Universities not only educate most of the world’s leaders, decision-
makers and teachers and advance the boundaries of knowledge, but as major employers and 
consumers of goods and services they play a significant economic role nationally and globally” 
[6].  
So why should a university in North-Rhine-Westphalia put emphasis on social responsibility 
and sustainability? The simplest answer seems to be a normative one: Because it is forced by 
law. But it is not that simple. In the current North-Rhine-Westphalian University Law social 
responsibility or sustainability is not included. Nevertheless, over more than forty years have 
contributed to the change process in society. Four representative examples should be named: 
 

1. The process of the fostering equality of men and women and the gender mainstreaming  
2. Support for childcare and the transformation into family-fair institutions  
3. Support of health care and health promotion 
4. The development towards sustainable universities  

 
These developments happened in connection with different social processes taking place more 
or less successfully at the same time.   
 

1. Women’s movement with the statement: “The private is political” [7]$$
2. Reform of the German constitution in 1994 putting emphasis on the promotion of 

equality of men and women 
3. Gender mainstreaming was introduced into UN and EU processes 
4. Managing diversity has become a major topic in business 
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But how did social responsibility in universities progress during this time? Peter Scott stated: 
Universities are value-laden institutions - perhaps the most value-laden institutions in the 
modern society… universities not only express intellectual and scientific values directly through 
their teaching and research; they also embody powerful organizational values…and equally 
influential instrumental values… finally, universities contribute crucially to the formation of 
wider social and cultural values [8]. 
The Bonn Declaration at the UNESCO WORLD Conference on Education for Sustainable 
Development, 31 April – 2 May 2009 says:  “ESD (Education for Sustainable Development) is 
based on values of justice, equity, tolerance, sufficiency and responsibility. It promotes gender 
equality, social cohesion and poverty reduction and emphasizes care, integrity and honesty, as 
articulated in the Earth Charter. ESD is underpinned by principles that support sustainable 
living, democracy and human well-being. Environmental protection and restoration, natural 
resource conservation and sustainable use, addressing unsustainable production and 
consumption patterns, and the creation of just and peaceful societies are also important 
principles underpinning ESD. “ [9]$ 
While the UN decade for ESD promoted the involvement of sustainability aspects into 
curricula, the education for health promotion is still insufficient. The European agency for 
health and safety OSHA has demanded the introduction of the topic into curricula [10].  A self-
assessment tool was developed and incentive systems have been proposed by Michel [11].  
There is a demand for an integrated management system for this kind of cross-sectorial tasks. A 
crucial factor for a successful change process within the university is the commitment and 
support of the rectorate or board of the university. With a board decision, the change process is 
released and the supporters of change have a chance to establish a path towards a sustainable 
and socially responsible university. The decision to move towards a change process is pushed 
either by the board of the university as an active process of by force of the legislation and 
ministry as a reactive process. 
ISO 26000 as a respective management system [12] describes how to implement the change 
process towards sustainability and social responsibility. It can be applied to universities, too. 

The UNEP Toolkit for the Greening Universities shows the barriers for implementing the 
change process [13,14]: “Strategies for organizational change are often characterized as top 
down (management driven) or bottom up (staff driven). The best strategies usually involve a 
combination of both approaches; for example, adoption of a high level vision statement or 
policy, and initiation of low cost, high impact project(s) at a grass roots level. Improving energy 
efficiency is a typical example of such “low hanging fruit”. Experience worldwide has 
demonstrated time and again that leadership from university management at the highest level is 
essential to integrate sustainability into mainstream practice. Bottom-up action by staff and 
students is necessary, but is not in itself sufficient to bring about inclusion of sustainability in 
the university’s core business.” [15]. 
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